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like the potter gently smoothing out his clay 
Midcy/ research helps smooth the way of the 
Auto Engineer with such of his problems as are 
associated with Cylinder Blocks, Cylinder Heads, 
Camshafts and Brake Drums 


THE MIDLAND MOTOR CYLINDER CO LTO., SMETHWICK, STAFFS 








You could save up to £3,000 p.a. using 
AZOFLEX FB intense-line Paperina 


Micdel 150 AZOFLEX Dyeline Machine 


AZOFLEX is the word for fast, economical 
photoprinting. Using AZOFLEX FB intense-line 
paper, you can get 10,000 copies of invoices, 
documents, parts-lists, etc., every working day from 
the Model 150 AZOFLEX combined automatic 
printer/developer. Consider these major economies : 





AZOFLEX FB dyeline paper supplied in 

rolls is cheaper than cut sheets. SAVING: 
approximately £1,800 per annum on output 
of 10,000 (13” x 8”) dyeline prints per day. 
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Output of only one Model 150 with one 
operator is the equivalent of four machines 
hand-fed by four operators. SAVING: 
approximately £1,100, 
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Even if your requirements are only 5,000 copies a 
day, your total annual saving can amount to £1,000 


N.B. Many business and industrial concerns find that : 
per annum, and leave your AZOFLEX operator 


it pays them to hire certain AZOFLEX dyeline 


machines, rather than buy them outright. Alternatively, time for other duties. AZOFLEX dyeline 
rental panchase may SO ae a reproduction saves time, saves space, saves staff, and 
t i< on a representative Scuss Cc 

ay Se See 2 eee yohes . saves real money. 


the most beneficial terms for your company ? 








Wile Azoflex 


PHOTOPRINTING PAPERS & MACHINES 


ILFORD LIMITED, INDUSTRIAL SALES DEPT. AZ2IC, ILFORD, ESSEX. TELEPHONE: ILFORD 3000 
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Here’s Air Power at 
ROCK BOTTOM cost 





ER6 Heavy-Duty Compressor 


for reliable S-shift operation 








Atlas Copco’s ER6 compressor delivers 
air at the lowest possible cost. Designed 
to incorporate every economy factor, it 
combines the lowest possible running 
costs with low installation costs and a 
space saving design. 

The ER6 delivers 1,075 cfm at 100 psi 
(30.4 m* min at 7 kg'cm?*) for a power con- 
sumption that is absolutely rock bottom. 
Thanks to a new type of intercooler, water 
consumption is only 440 imperial gallons 
(2,000 litres) per hour—a quarter the con- 
sumption of most similar machines. The 
ER6 is compact. Occupving only half the 
space usually required for machines of its 
capacity, it saves expensive factory space. 
In addition, installation costs are lower 
as new, cheaper installation methods are 











employed. 


RANGE OF STATIONARIES 

From 2.5 to 20,000 cfm, there is an Atlas Copco 
stationary compressor to suit every requirement 
Whatever the design factor—compactness, low 
installation cost, low operating cost, or a combin- 
ation of all three — Atlas Copco stationaries are 
high-performance machines you can rely on. 








Sales and Service in Ninety Countries 
Built to last. This Atlas Copco compressor was installed at the Bofors 
Represented in ninety countries, Atlas Copco is engineering works (Sweden) in 1907. it is still in operation. 
the world’s largest orge” sation specialising solely 
* 


in compressed air equipment. Products include 
stationary and portable compressors, rock drills, 


WRITE FOR THE LEAFLET 


loaders, hoists, air tools and paint-spraying equip- Leaflet E1127 gives full details of the ER6 com- ) 
ment. Wherever you are, the international Atlas pressor. Write for a copy to your local Atlas ' 
Copco group offers expert advice and provides a Copco company or agent or to the address at A 
complete after-sales service. the foot of this advertisement. r 


Stlas Copco puts compressed air to work for the world 


Atlas Copco AB, Stockholm 1, Sweden. In the U.K. Atlas Copco (Great Britain) Lid., Hemel Hemostead, Herts sc 38 
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KIRKSTALL FORGE ENGINEERING 
LIMITED LEEDS, 5 


Telephone: Horsforth 2821 
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FOR AGRICULTURAL TRACTORS 





The integra! clutch and power take-off for tractors comprises two clutches mounted in » 
tandem. The clutch nearest the flywheel transmits the drive to the rear wheels through 
the usual splined clutch shaft; the other clutch provides a power take-off for driving a 
combine, baler, mower or other machine and transmits its power through a hollow 


splined shaft. ge 
In most cases a separate engine for driving implements is rendered unnecessary. Seay ee 
The two clutches have independent throw-out forks with ball-thrust bearings. 


In addition there is a wide range of Rockford over-centre clutches and power take-offs, 
and an extensive range of Borg * Beck clutches covering all requirements. Ask our 
representative to call and discu.. your problems. 


BORG & BE 


BORG & BECK COMPANY LIMITED 
LEAMINGTON SPA, WARWICKSHIRE, ENGLAND 











filtrat Ee will prevent rapid deterioration of 
under arduous conditions of dust and grit 







AIR FILTERS 


The Purolator Dry Type filter is capable of 
arresting particles of foreign matter s¢nali 
enough to be measured in microns. These 
ficers are particularly suitable for use on 
combine harvesters where engines work 
under <>AZitions of excessive dust. 























: ¢ | IL FILTERS 

"- Moralies hicbate 10h Wie Werk ore designed to handle all the oil 

supplied to the engine bearings under normal operating conditions. A 

relief valve is incorporated to ensure a continuous supply of oi! should 

the element have been allowed to become choked through neglect. 

Designed for mounting directly on to a machined facing on the engine 
crankcase, these models dispense with external piping. 


FUEL FILTERS 


These diesel engine fuel filters are designed to give final protection 


immediately prior to the injection pump. The filter bow! has ample 
capacity for water anc sediment which may be drained off periodically. 


Our engineers will be pleased to discuss your filtration problem: on 
request. 

AUTOMOTIVE PRODUCTS COMPANY LIMITED 
LEAMINGTON SPA, WARWICKSHIRE, ENG/AND 





ONE OF THE 
AUTOMOTIVE 
PRODUCTS 
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FOR AGRICULTURAL TRACTORS _ 


tli 
SELF-LUBRICATING 
JOINTS 


Autolube joints give ‘built-in’ automatic lubrication, eliminating 
servicing at inaccessible points, Two resilient fabric bushings, 
impregnated with a patented ‘dry’ lubricant, carry the normal 
steering Inads, and provide freedom from backlash. Between the 
resilient bushings is a Nylon ring which protects the fabric from 
shock and overloads, and enables it to retain the lubricant, which is 
essential to the prolonged life of the joint. 
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Thompson steering joints have been specially designed to 
: This special ets sany 
withstand the continual hard wear imposed by the operation linn s ' and iss 


of tractors over rough ground, without the need for constant Uh sen a aineal 

original equipment, to suit any re 7 
agricultural industry and our 
is at your service. 


pson == 
SELF-ADJUSTING BALL-JOIN 


AUTCHOTIVE PRODUCTS COMPANY LIMITED ~ 
LEAMINGTON SPA, WARWICKSHIRE, ENGLAND ss 




















MECHANICAL 
BRAKES 


FOR TRACTORS @ TRAILERS 


Sek 
REGO. TRADE MAAK 

























For general use as primary brakes and steering brakes 
for equipment such as farm tractors, farm machinery, 
farm and industrial trailers, etc., etc. 

They form a light, powerful, inexpensive braking system 
giving controlled safety with maximum economy and 
negligible maintenance. For actuation manually, or 
remotely by vacuum and air systems. 

Leading and trailing shoe brakes of the centre-pull 
type, are avilable in a range of sizes, for 7” drum, 
shoe width 14”, 8” {i4”), 9 (12” and 24”), 10” (12”). 
The 9 x24" brake has a lever for rod or cable 
operation, to pull across the backplate. 
LOCKHEED HYDRAULIC 

BRAKE COMPANY LIMITED 
LEAMINGTON SPA, WARWICKSHIRE 


FLEXIBLE HOSE 
AND SELF-SEALING 
COUPLING 


The ‘Hydralinc’ coupling shown enables the user to make the most of his 
hydraulic implements. Hydraulic lines can be quickly connected and 
disconnected without loss of fluid or inclusion of air. 

There is no need to prime fluid systems fitted with this coupling. For 
pressures up to 3,000 p.s.i. 

; Lockheed-Avery hoses are made to a very high specifiection in order to 
a provide consistent durability in agricultural usage. Tc end-fittings are 
re-usable when the hose is renewed. 


LOCKHEED PRECISION PRODUCTS COMPANY LTD. 


as SHAW ROAD, SPEKE, LIVERPOOL, 24. 
« AUTOMOTIVE 
= PRODUCTS 

GROUP 





or for prototype work as shown, CUNLIFFE & CROOM 

horizontals, with their in-built features of precision and rigidity, 
mean increased efficiency wherever they are installed. At the Imperial Tobacco Co., 
Ltd., Bristol, for instance, this machine, with vertical milling attachment, is fully employed 
in the Prototype Development Dept., on components for new machines 
CUNLIFFE & CROOM milling machines, horizontal, universal and vertical, are available 
in a range of sizes to reduce costs on your own work. Complete catalogues available 
Write for your copies to-day 


COUMLUFFE: CROOM__ 


HORIZONTAL MILLERS 


NOY CRRA 
FULL PARTICULARS OF THESE MACHINES FROM / 


JAMES ARCHDALE & CO. LTD. 


Regd. Office: LEDSAM ST., BIRMINGHAM 16. Phone: EDGbastor 2276 

Works: BLACKPOLE WORKS, WORCESTER. Phone: Worcester 27081 (6 lines) 
A Member of the Staveley Coo! & Irom Co. Limited Group 

Sole Agents ALFRED HERBERT LTD. COVENTRY Telephone No. Coventry 89221 
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“Maybe you 
could express it 
a little better... 


a) 





“Well, a chuck is just a 
chuck unless it is a chuck made 
by Jacobs when it is a genuine 
Jacobs chuck the best known 
name in chucks!” 





“Your dealer can supply 
genuine Jacobs chucks 
in all sizes for light medium 
or heavy duty tools and 
machines” 


INSIST 
ON 
GENUINE 


‘JSacobs 





CHUCKS THE JACOBS MANUFACTURING COMPANY LIMITED, ARCHER RD., SHEFFIELD, 3 
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everyday 


hazards... 


LAPASLA 


takes care of the braking 


NON-FADE MOULDED BRAKE LININGS & CLUTCH FACINGS 


THE CAPE ASBESTOS COMPANY LIMITED 


114 & 116 Park Street, London W.1. Telephone Grosvenor 6022 
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IN ALL THE BEST SPACESHIPS 
SATELLITES 








PHILIDAs 
SELF-LOCKING NUTS 


WILL BE USED 












Potential conquerors of space take no risks in fitting Philidas self-locking 
nuts. Their ingenious opposing torque cross-cuts feature sets up a 
tension that only a spanner can release. Vibration, heat changes and oil 
infiltration leave Philidas nuts completely unmoved — and they can be 
used again and again. Range includes standard and thin industrial and 
turret nuts, turret wheel nuts, single and double anchor nuts. 












THEY YIELD ONLY TO A SPANNER 
Send for our new catalogue 


PHILIDAS DIVISION— WHITEHOUSE INDUSTRIES LTD 


FERRYBRIDGE, KNOTTINGLEY, YORKS. Te/: Knottingley 2323 (5 lines) Telex 55-166 
London office: 44 Hertford Street, W.1. Tel: HYDe Park 3888. Telex 23549 


INDUSTRIAL TYPE 
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special “thin-flash” type for grille moulding 


Beetle D.M.C. is the material used for the grille of the Morphy-Richards 


it offers high heat resistance and good appearance, 


Fan Heater because 
The use of D.M.C. posed a flash-removal problem in relation to the many 
apertures, as the moulders, Crystalate (Mouldings Ltd., specified a very 
thin flash line. Accordingly, B.I.P. Chemicals Ltd. developed a special type 
of material (D.M.C. 1.1834) which, in combination with a tool made to 
close limits, ensures a consistently thin and easily removed flash 

Beetle D.M.C. combines heat resistance with strength, dimensional stability 
and excellent insulation properties. The development of a special type for 


th services in relation to 


a single application typities the extent of B.I.P 


individual problems and requirements 


g e Ee é L E Heat resistance, dimensional stability, strength and electrical 
inulation properties are among the features making D.M C 
the seal material for this grille. Moulding by Crystalate 


Polyester Gough rMmoulding Compound hates Lat, Featreay Toe 


B.1.P. Chemicals Limited, Oldbury, Birmingham. Phone BROadweli 2061 
London Office: Haymarket House, 28 Haymarket, S.W.1. Phone TRAfaigar 3121 
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THERE’S 
NO 
PROBLEM 


BM has many meanings. One of the most mysterious things 
it symbolises is frietion. No-one knows exactly what friction 
is; but you know some of the problems and possibilities it 
presents. 

Ferodo is well equipped to find answers to the problems, and 
ways of exploiting the possibilities. 

Think of our background: it includes every aspect of 
friction and friction materials for brakes and clutches. We 
manufacture every established type of friction material, 
from the most conventional to sintered metals and 
cermets. 

Better still, we devote an unusually large proportion of 
effort, equipment and money to our research laboratories— 
incomparably the finest of their kind in the world. 

And all these production and research resources can be put 
to work for you. 
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FOR EXAMPLE... 


Automatic Transmissions commonly 
depend on a multiplicity of drive and 
control systems, each with its own 
special friction problems demanding 
materials with individual character- 
istics. So far, these demands have been 
met by Ferodo materiais of one sort or 
another. But perhaps you have a 
special problem? 


Borg Warner Ltd 


Earth-Moving Machinery poses enor- 
mous problems in terms of wear resist- 
ance and high-temperature stability 
of friction materials. Ferodo sintered 
metal facings and Ferodo cermets are 
providing some striking solutions 
and probably any problem inherent 
in automotive clutch designs for 
heavy duty can be met by them. Is 
this your problem? 


Friction Materials themselves may 
suggest simplified answers to ap- 
parently complicated questions. We 
believe that many brake, clutch and 
transmission problems could be solved 
more quickly by designing round the 
friction materials available. Would 
you like to consult us at the design 
stage? 








Remember—only Ferodo manufacture 
a complete range of friction materials: 
and therefore only Ferodo can promise 
completely unbiased advice on friction 
problems. You are cordially invited to 
bring us such problems. 


ask Ferodo First! 


FERODO FRICTION MATERIALS 


Ferodo Limited - Chapel-en-le-Frith 
A Member of the Turner & Newall Organisation 
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an extended range of 


The range of Quick-Release non-ferrous Aston 
Filler Caps in two standard sizes, now includes a 
pressurised version to hold up to 10 p.s.i. One of 
the main design features of this type of filler cap is 
that the cap itself is hinged and consequently can 
never become detached and mislaid. 

Caps can be supplied with coloured name or trade mark badges. b 
Standard badges include Fuel Oil, Heater Oil, Hyd. Oil, Lub. y 
Oil, Petrol and Water. Special badges can be supplied in 


reasonable quantities. 


now covering a wide field of application in Industry 














An efficient, attractive and robust filler 
cap can improve the value of your 
product to your customer. Aston Filler 
Caps can be found fitted as standard 
to many commercial vehicles, diesel 
locomotives and some aircraft. The 
majority of English and many Con- 
tinental racing cars also fit them. 
Illustrated list No. AFC. 1059 will give 
you further particulars — may we send 


you a copy ? 


BENTON & STONE LIMITED - ASTON BROOK STREET - BIRMINGHAM 6 
Telephone: AST 1905 Telex: ENOTS- B'HAM 33143 








ASTON 
ot | Oe 







BREATHER TYPE ASTON 


For use with Hydraulic 
Fluid Tanks and incor- 
porating a gauze breather 
€ plate inside the lid. All 
Pg flange - mounted caps as 
illustrated below can be 
supplied with drop-in 
gauze filters if required. 
















iL 
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“OZONE ATTACK 


WITH DU PONT ELASTOM ERS Ozone is present in the 


atmosphere, generated from Oxygen in the air by ultraviolet light (from sunlight). When natural rubber is 


stressed, as in car components, ozone attacks, forming a myriad of small cracks in the surface of the rubber. 


DU PONT NEOPRENE has outstanding resistance to ozone cracking. Du Pont neoprene has proved under 
test, and on the job, that it is vastly superior to natural rubber—and to “general purpose” synthetics. Neoprene 
resists oil and grease in the chassis . . . high temperatures under the bonnet. . . oxidization and aging of 
exposed parts and accessories. Properly compounded neoprene products meet most service needs at 
temperatures ranging from —54 C to as high as 121°C. Compounds can be made soft or hard and in sponge form. 
HYPALON* synthetic rubber has even greater heat and ozone resistance and is known for its remarkable colour 
stability, permitting use of bright colours for weather stripping and convertible tops. Hypalon doesn't become 


brittle in cold weather nor will it crack under heat or summer sun. 


*HYPALON |S DU PONT'S REGISTERED TRADEMARK FOR ONE OF ITS ELASTOMERS 
DISTRIBUTORS: DU PONT COMPANY (UNITED KINGDOM) LTD., 76 JERMYN STREET, LONDON, S.W.1 


NEOPRENE-HYPALON* 


ESTABLISHED ‘ene BETTER THINGS FOR BETTER | VING THROUGH CHEMISTRY 
(21 765 01) 
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Birlec 18” shaker hearth furnace, 
rated at 40 kW, for hardening 
high tensile bolts and nuts at 
C. Lindley & Co. Ltd, neor Halifax 


EXTRA-SPECIFICATION FURNACES *® 


eI 


BIRLEC} 
etal AEI-Birlec Limited 
















ERDINGTON - BIRMINGHAM 24 : Tel. EAS? 1544 
LONDON SHEFFIELD - NEWCASTLE-ON-TYNE 
GLASGOW CARDIFF 

SM/8 5037 





Whetherit be a Whit., BSF, UNF, UNC, 
or B.A. thread it is all the same to 
C. Lindley & Co. Ltd., Luddenden, 
Yorkshire. They make all types of 
standard high tensile bolts and nuts 
from 4 B.A. to 3” diameter and are 
well known for the manufacture of 
special parts by the cold heading 
method. Their heat treatment, which 
involves hardening tempering and 
normalising, is entirely carried out in 
four Birlec atmosphere controlled 
furnaces including 18” and 24” Birlec 

shaker hearths, and Birlec 
cast link conveyors. The 
weekly output of these 
Birlec furnaces is about 
30 tons, operating 50 
hours per week. 


* The cost of a furnace is not 
necessarily its purchase price. Evena 
brief interruption in production may 
cause severe losses in output and 
serious inconvenience. The purchaser 
of a Birlec furnace can be confident 
that the equipment will not only meet 
his specification, but will give un- 
interrupted trouble-free service. 
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We have never seen 
a more obvious plug for 
Desoutter multiple 
plug-runners 


Yet another Desoutter power tool for 

speeding assembly in the motor industry. This 
multiple tool inserts and tightens six 

sparking plugs, simultaneously, within 6 seconds. 
It uses six separate pneumatic motors 

which are designed to stall independently 

as soon as the desired torque is obtained. 


Desoutter puts power into your hands 


DESOUTTER BROS. LIMITED - THE HYDE - HENDON - LONDON NWS - TELEPHONE: COLINDALE 6346 


orcz2a9 
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~ FORGINGS | 


/ 
PIRTH-DERTHON 


SHEFFIELD 
k DARLEY DALE 











Heavy duty axle. Scammell Lorries Ltd 
THE FIRTH-DERIHON STAMPINGS LIMITED, SHEFFIELD 
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PAN YO 
AFFORD 
NOT TO TRY 


Shell 


Rotella 
Multigrade? 


LEADERSHIP IN LUBRICATION 
Automobile Engineer, Fuly 1960 1 
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LATER MODELS—LIGHTER METALS Today's outstanding designs are distinguished by bolder use of aluminium in body, engine 





trim and detail. Engine designers know all about the advantages of aluminium, while modern alloys and techniques offer new 
opportunities for far reaching improvement in construction. IMPALCO supplies aluminium in many forms from ingot to specially 


offers, too, the combined technical resources of its parent companies, IC] and the 


wrought products for individua! industries 


Aluminum Company of America. 


20 


Imperial Aluminium Company Limited « Birmingham 
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DISTRIBUTORS OF MATERIAL IN BULK 
IN GT. BRITAIN 


| j. A. NORDBERG LTD 


171 QUEEN VICTORIA ST 
LONDON, E.C.4 
Tel: Central 9678 


FOREIGN & COLONIAL ENQUIRIES TO 


H. JACKSON LTD 


OAKENCLOUGH, GARSTANG 
Nr. PRESTON, LANCS. 


Tel: Garstang 3308 




















Transport Insulation with 


Polyurethane rigid foams 


made from I.C.l. ISOCYANATES AND POLYESTERS 
Ask for detziis of Daltolacs 21, 22 & 24 ® and Suprasec D © 


Polyurethane foams provide excelent thermal insulation 
in all transport vehicles. They combine high thermal 
resistance with lightness, strength and low inflammability. 
Polyurethane foam components can be mixed on the site and 
poured or sprayed into position. The foams withstand vibration 


and adhere so firmly to adjacent surfaces that 


they actually strengthen the structure in which they are employed. 
EQ (P) Patented in the main industrial countries 
1.C.1. Sales Development Dept. (Polyisocyanates), IMPERIAL CHEMICAL INDUSTRIES LIMITED 
Ship Canal House, King Street, Manchester, 2. LONDON SW1 ENGLAND 


x65 
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The 
greatest variety 
of COATED SHEETS 


Richard Thomas & Baldwins, pioneers of modern 
steel sheet manufacture, offer the widest variety of 
coated sheets. 

RTB hot-dipped and electrolytic tinplate are world- 
renowned; so are RTB heavily-tinned sheets, used for 
a wide range of applications from gas meters to dairy 
utensils. 

RTB ‘Speltafast’ galvanized sheets (flat and corru- 
gated) and coiled strip, made in the most up-to-date 
plant of its kind, retain their tight coating of zinc 
spelter, which stands up to pressing and forming 


without flaking. 


There are RTB coated sheets 
FOR EVERY 
MANUFACTURING 
PURPOSE 


For example, RTB tin-terne, terne-coated and lead- 
coated sheets, all having a high corrosion resistance 


| 
i 
| 
| 
| 


and lending themselves to easy fabrication, are used 
for a great variety of finished products ranging from 
petrol tanks to ventilation ducting. 

A recent RTB development is the ‘ARTBRITE’ 
series of P.V.C. coated sheets, available in various 
decorative finishes, glossy and matt, plain and pat- 
terned. Normally based on RTB galvanized sheets, 
‘Artbrite’ sheets are resistant to abrasion and to a 
great many chemicals; further, they have extra- 
ordinary ‘workability’, being suitable for practically 
every operation that the RTB steel sheets will stand. 


‘Artbrite’ sheets are weather-resistant. 


Richard Thomas & Baldwins 
(Sales) Limited 


HEAD OFFICE: 47 PARK STREET, LONDON, W.1 























PRODUCTION 






BRICO make all the pistons 







for the famous “A” series 


engines for B.M.C. vehicles— 






the biggest piston job 













in the country. 


PERFORMANCE 


BRICO make the pistons 
for the Coventry Climax 
2} litre engine—champion 


Grand Prix engine of 1959. 


POPULARITY 


BRICO make the pistons 






for the following world- 







famous firms: AUSTIN - 
BRISTOL-SIDDELEY - COVENTRY 






CLIMAX - HUMBER - JAGUAR 












MORRIS - ROVER - STANDARD 





THE BRITISH PISTON RING CO. LTD., 
COVENTRY, ENGLAND 





601 Cogenc 











The right CHIPPER for the job- 


and @) 


make it! 









l CPN | ** Boyer 
| Superior Chipping Hammer 


One firm needs a tool for chipping away steel from heavy 
castings. Another, for removing paint prior to repainting. Yet 
another is faced with the removal of heavy scale. And for a// 
these jobs—CP can supply the tools 

CP in fact make the right chipper for every type of work—from 
fettling castings to delicate carving on marble—caulking 


scraping, cleaning or chasing 





Five of CP’s wide choice of chippers are illustrated here; you 


can see the full range in the CP Chipping Hammers catalogue. 


CONSOLIDATED PNEUMATIC TOOL COMPANY LIMITED - DAWES ROAD - LONDON -: S.W.6 


Af ’ ; } mpanie throughout the wor 
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THAT 







Sttng 


YOU WANT IS 


(ffs at 


WNC No. 1217. One gross 


IN THIS BOX _ < 
iting = SS : Assorted Springs. A complete 


Garage Service Kit. 42/- each. 





We know exact/y how difficult 


it is to find springs for 


» MMi)! . 
Dy 


Ws, 
vin 
Madden! 
& Ny, ‘a 
r 7, 
SS 


experimental work . . . we've 
been making quality springs for 
over 100 years. So, we confidently 





No. 753. Three dozen Assorted offer you our excellent range of 





No. 1200. Three dozen Assorted No. 98A. Three dozen Assorted 


Light Expansion Springs, suit- } 1” to 4” long, 4” to 3” diam., J Light Expansion 4” to 4° diam., 
able for carburettor control, | 19G to 15G. 5/6. 2” to 6” long, 22 to 18 S.W.G small boxed assortments which 
etc. 13/6. 10,6. 

covers a very wide range. 





We can only show a few boxes. 
Send us a p.c. for our full list. 


If ever you are stuck with a 


Wirnriney 


LED) >), 


» wu 
sts . AG > | spring problem let our Research 
Department put their long 


experience at your disposal. 





No.758.Finet xpansion Springs 








No. 760. Three dozen Assorted | No. 757. Extra Light Com- 

Light Compression Springs. 1 pression, | gross Assorted, 4 I gross Assorted 4 a diam.., 

to 4” long, 22 to 18 S.W.G., to diam., to 2 long, 4” to 2” long, 27 t )S.W.G 
: 15/-. 





t* to 4° diam. 6 6. 27 to IY S.W.G. 15 -. 





Have you a Presswork problem? 


If so, the help of our Design Staff is vours for the asking 


(() 





Jor SPRINGS 


HERBERT TERRY 
& SONS LTD 


Redditch, Worcs. 








we 





(Makers of Quality Springs, Wireforms 


Really interested in Springs? Cut Production Costs with Looking for good Hose Clips? 
“Spring Design and Calcula- Terry’s Wire CIRCLIPS. We Send for a sample of Terry's and Presswork for over 100 vears) 
tions’’ 9th Edition tells all can supply immediately from Security Worm Drive Hose 
HT30 








post free 12 ¢ stock—from #” to § Clip and price list 
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COOPERS engineers 
are available for 
consultation at all 
times. 








— 2 Oe ee 


¢ -“This is a job for Coopers” 


And itis in the design stage when the COOPER technicians can 
be of the greatest assistance. It is their business to know all 
there is to know about Filters and Strainers. They are prepared 
to design and manufacture to your own specific requirements. 





COOPERS 


AIR CLEANERS - STRAINERS - FILTERS - GASKETS 
WASHERS - LAMINATED SHIMS - PRESSWORK 


COOPERS MECHANICAL JOINTS LTD., LLANFOIST WORKS, ABERGAVENNY Telephone: 1043-7 
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Rotax Ltd., ‘have three WM 
70 Junior Lathes in_ their 
Apprentice Training Work- 
shop. Only the best is con- 
sidered good enough for this 
important work, and there is 
no better lathe in its range 
than the WM 70 Junior. 


WAKEFIELD ROAD 
BRIGHOUSE YORKS 


PHONE :— BRIGHOUSE 627 (3 LINES) 


GRAMS:=— ‘WOODHOUSE BRIGHOUSE’ 
WM 27 
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H.D.A. 


are 

unlikely 

to be 
disconcerted 


nately for ail concerned, the manufacturer took 
ecial treatments for one of their Hiduminium 


the-way problems pf this sort are, as you may suspect, only to 
that it ig better to take them to H.D. A. at once rather; 
rolled up. Their th t 











SHOTTON BLACKHEART MALLEABLE CASTINGS and PEARLITIC MALLEABLE CASTINGS 


Test =o) WT/SNa\ tARVA 
B.. * —rVS 
VRAT 


to assembly line... 


With new production methods and the most modern 
foundry techniques, Shotion Blackheart Malleable 
Castings have found many new applications in the 
automotive industry. On design problems and all 
technical and production matters our consultation, 
backed by 64 years’ experience, is readily 


available to you. 


S SHOTTON BROS. LIMITED 


VANCHESTER REE OUNDR 


BROADWELL 1631 


ttt! 


asene 
ne Birfiela Group ss 


rticipates in the research, technical and productive resources of 
which includes Hardy Spicer Ltd., Laycock Engineering Ltd 


rgings and Presswork Ltd, and many ot 
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Apprentices 
Draughtsmen 
Designers 

Production Engineers 
Purchasing Officers 


KNOW 
YOUR 
BEARINGS 


AERIAL PHOTO 
OF THE HQGFFH ANN WORKS 


No 2 
The Angular Gontact Bearing 


This bearing, designed about 35 years ago, is similar to the 
single row ball journal bearing except that the outer race is 
cut-away around one side. This permits the use of a on 
piece cage with more balls than in the ball journal bearing 
Bearings of this type are expressly designed for axial loads 
The balls are arranged to operate towards the side of the 
curved track on the inner and outer races, and thus provide 
the necessary angular contact. This bearing is also suitable 
for combined radial and axial loads but when used singly the 
axial load must be in one direction only, and must always 
exceed the radial load. 

When used in pairs, correctly adjusted against one another, 
angular contact bearings can be used for carrying combined 
journal and thrust loads in any proportion with the thrust 
loads in either direction. Such an arrangement is particularly 
suitable for eliminating end movement in a rotating 
assembly, and if preloading is employed a high degree of 
rigidity can be obtained. 


HOFFMANN ANGULAR 

CONTACT BEARINGS 

are made in the following series 

IN INCH SIZES —- LIGHT AND MEDIUM 

IN METRIC SIZES — LIGHT, MEDIUM AND HEAVY ie 


%.. 


Manufacturers of precision bal r bearings established 1898 


THE HOFFMANN MANUFACTURING CO. LTD. CHELMSFORD, ESSEX 


TELEPHONE: 3151 TELEX No. 195! 
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Getting entangled with a welter of competing firms 
all plugging separate pieces of product finishing equip- 
ment is a frustrating, staff-consuming trial of strength 
-a trial in which the overall view of a complete finish- 
ing system can easily be lost. That is why so many front- 
line manufacturers have long since pensioned off the old. 
piecemeal approach to product finishing and now dele- 
gate the whole responsibility to a single. specialist 
organisation—Lysaght-DeVilbiss. 
With no narrow interests to serve. Lysaght-DeVilbiss 
have the broad view and dedicated skill born of more 
than fifty years’ specialisation. They design, manufac- 
ture and install complete finishing systems, from metal 
pre-treatment to final stoving. For a sound, unbiased 
opinion on the surface coating system best suited to your 


product, speak to Lysaght-DeVilbiss without delay. 


No obligation, of course. 





complete product finishing systems 


LYSAGHT-DEVILBISS DIVISION OF JOHN LYSAGHT'S BRISTOL WORKS LTD 


17 HOLBORN VIADUCT LONDON ECl1 TEL: CITY 4361 
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The Laocoon Group—Vatican Museum 














WITHSTANDS HIGH PRESSURE 
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SHOCK 
RESISTING 


SELF-LUBRICATING BEARINGS AND POWDER METAL PARTS 


Yam 


THE MANGANESE @RONZE & BRASS CO LTD Elton Park Works Hadleigh Rd Ipswich - Grams: Oilite Ipswich - Tel: Ipswich 55926 
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Empire Rubber 
Rubber Bonders 


2 AW. < 


SS DI Ee 
Ud 


design, prove and 
bulk manufacture- 


1 Flexible BARREL MOUNTINGS 
—a simple 
general purpose mounting. 


? Flexible INSTRUMENT MOUNTINGS 
— delicate tor 
instrument insulation. 


3 Flexible BOBBIN COUPLINGS 
— protect against torsional shock. 


4 BOLLARD FIXINGS 


— instantaneously fix or release. 


5 Flexible HEXAGONAL BOBBINS 


— prevent twisting when fixing. 


CATALOGUES TO CONSULT 


EMPIRE RUBBER COMPANY, 
RUBBER BONDERS LIMITED 


DUNSTABLE 
BEDFORDSHIRE, ENGLAND 
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The *‘Margam Abbe y—buil t for t the Port Talbot P »tage » Aathatity by Richard Ironworks Ltd., 
which Cor-Ten was used ¢ ste nsively. Photo sors ty by courtesy of the Port Talbot Pilotage Authority 


COR-TEN GOES DOWN TO THE SEA IN SHIPS 


At sea as well as ashore new uses are constantly being 4-6 times more resistant to atmospheric corrosion. 


found for SCW Cor-Ten. It was used extensively in the Highly resistant to abrasion and fatigue. 
construction of this vessel for the Port Talbot Pilotage 
Authority. COR-TEN SAVES MONEY 
The Main Deck and Bulwark Plating Initial costs are spread over a longer service life. 
Shell Plating and Anchor Recess ‘ 
ee A : Maintenance costs are reduced. 
Floors and Engine Seating 
. O ng ISLS t ; were - tre 5 , ay ads é >] 
Chain Locker " pers ose cost = ~ a red “ I = payloads are 
, lgger Decause OT reauction In tare welgnt. 
Fresh Water Tank . . 
Please write to us at the address below for further in- 


Bulkhead Bottom Plating 

Rudder Side Plates 
—were made entirely from Cor-Ten. A typical example of 
the growing use of Cor-Ten in marine construction, and 
in other fields where high yield strength, together with 
outstanding resistance to corrosion, is vital. 


COR-TEN IS TOUGHER 


Weight for weight, the yield strength of SCW Cor-Ten is 
50°., higher than ordinary mild steel. 


formation or for technical assistance in the application of 


SCW ( ‘or-T n to your products. 


Alternatively— 


Strength for strength, a saving of 1/3 of the weight is RAILWAY ROLLING STOCK. AGRICULTURAL AND EARTH- 
paaews. MOVING EQUIPMENT. MINE CARS. POWER STATIONS 
INSTALLATIONS. BARGES AND SMALL CRAFT 










THE STEEL COMPANY OF WALES LIMITED 
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FREECUTTING BLACKHEART MALLEABLE 
PEARLITIC MALLEABLE 
WELDABLE MALLEABLE 


Sharp and accurate, designed 
and+produced to save up to 10% 
in your production costs 





| CASTINGS LIMITED | 


WALSALL, STAFFS be 
MALLEABLE |RONFOUNDERS Pe 


FOUNDED 1/835 





Office & Works Selborne Street, Walsall 
Lichfield Road, Brownhills 
Telephone: Walsall 3118-9 Brownhills 2318 
Telegrams: Castings, Walsall 





e = 
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when at the prototype stage 





As machines grow more complex and performances 
increase, the selection of bearings becomes more difficult. 
It requires specialist knowledge. 

In increasing numbers, design and development groups 
are consulting the Technical Department of Ransome & 
Marles for guidance. Specification as well as supply is part 


of the R§M service to the engineering industry. 


NEWARK-ON-TRENT 





- TELEPHONE 456 


Every enquiry gets equally impartial and confidential 
consideration. Every project benefits. 
Ransome & Marles produce ball and roller bearings for 


most applications. 
Publication 37 is a comprehensive guide to the full range. 


RANSOME & MARLES BEARING COMPANY LIMITED 


Branches, offices and agencies throughout the world 


- TELEX 37-626 - 
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interchangeable, on the same 


mounting, with the standard 


Marles manual gear unit 


THE 
TYPE 3 
‘UNIVERSAL’ 


| UNIT 
a Ci \ 


\ 
s 


\ 


\ <a 





Illustrated above is the Type 3 ‘ Universal’ 
steering gear Which incorporates the 
hydraulic control valves mounted upon 
our type ‘861’ manual gear. This is for 
use with a separate power pump and with 
power cylinders operating on the steering 
linkage. Further particulars will be sent 
on request. 
ADAMANT ENGINEERING CO. LTD., 


THE AERODROME, WOODLEY, Near READING. 
Sole proprietors of the Marles Steering Company Lid. 


Telephone: Sonning 2351 Telegrams: Adamant, Reading 


MARLES 

















IN EVERY 


INGOT::: 


.. cast from the furnaces of the Osborn 
group of Companies, cumulative experi- 
ence from generations of craftsmanship is 
combined with modern research and 
technology to produce steel of superlative 
quality. A wide range of high-speed and 
other special tool steels is manufactured 


and many other products including. steel — 
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it's against nature... 


.-. With costs rising all the time, how can they still make 
such a fine pump so reasonably? It’s against nature... 

Then you'd better tell nature to get in touch with Simms. 
They know how to maintain quality without costing their 
products out of the market. And that, of course, goes for 
their fuel pumps, too. Maybe it’s volume production—they 
make enormous numbers of the things nowadays. Maybe 
it’s sheer production knowhow. Whatever it is, they are 
beautiful pumps. Easy to service, dead reliable. No wonder 
Simms are the world’s largest producers of 4-cylinder 
diesel injection pumps. 


SIMMS MOTOR UNITS LIMITED, EAST FINCHLEY, LONDON N.2 
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Research / Vehicle engines use the Belleville Washer 


When the Black Knight Rocket roars 
150 miles up into space it is guided by 
te the swivelling through an angle of the 
i four combustion chambers of the 
dpe Gamma engine. An efficient damping 
| mechanism is needed to prevent damage 
2 when the limit stop is reached. 
me Belleville washers provide the perfect 
answer to the problem. 
Belleville washers are solving design 
difficulties in every industry where 
resistance to exceptionally heavy loads 
is beyond the capacity of helical springs 
and particularly where movement under 
shock or sustained load must be re- 
/ stricted to very fine limits. Salter 
technicians can help you. Their services 
are freely at your disposal. 





en 


of Bristol Siddeley Engines 


Photographs by permission 












LOAD - 1875 Las + 5% 














SALTER 


MAKE THE FINEST BELLEVILLE WASHERS 


‘ 1760... 
* : 
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. 
<0 


Bn 
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GEO. SALTER & CO. LTD., WEST BROMWICH, ENGLAND. Estoblished 1760 
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John Bull shaped hoses are manufactured for heating, 
cooling, air-induction and vacuum systems and other 
applications in automotive and general engineering 
where high-duty, flexible connections of special 
shape are required. Bell-mouthed, T-shaped and 
branched hoses present no problems. 


Moulded or mandrel-formed according to con- 
struction and manufactured in high-grade natural or 
synthetic rubber with fabric reinforcement where 
required, John Bull hoses provide maximum life 
under the most severe conditions. 


In addition to Shaped Hoses, John Bull products 
include Boots and Gaiters, Convoluted Hose and 
Rubber Mouldings. 


JOHN BULL RUBBER CO. LTD. (industrial Sales Division) LEICESTER 
TELEPHONE: 36531 














Distinguished Partnership 
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The distinction of the Rover is matched 
by the distinction of the aluminium 
alloy it so extensively incorporates. 
Birmabright, the original alloy specially 
developed to withstand corrosion, 
possesses also the virtues of lightness, 
strength and resilience—a combination 
of qualities that adds lustre to both 
sides of the partnership. 


Do you use Birmabright corrosion- 
) 








resisting aluminium alloy? 


BIRMABRIGHT LIMIT 


WOODGATE WORKS - BIRMINGHAM 
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HOW TO SAVE SPRING WEIGHT 
WITHOUT INCREASING STRESS 


Production spring with 6 
leaves redesigned as a 


4-leaf Ideal spring. 


15-leaf commercial 
vehicle spring redesigned 
as 12-leaf Featherlight 
equivalent without 
increase in maximum 
stress. 


featherlight 
IDEAL SPRI Le 


TOLEDO WOODHEAD SPRINGS LIMITED 
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\ AC Air Cleaners 


\ & Silencers 
» 


Y DELCO-REMY 


Ignition Distributors 


AC Hot Tip 
Spark Plugs 


DELCO 


Electric Screen Wipers DELCO-REMY 


Electric Horns 


— 
— 
— o_, 
—- 


AC. Thermostats 
DELCO-REMY =. / 
Oil-Filled Coils 


: i | ac 
B/E | 
—/ al. 
a. | 
/ 1¢ 
| 
| 


& DELCO-REMY / AC Fuel Pumps 
Switche / 


AC-DELCO DIVISION OF GEWERAL MOTORS LIMITED Dunstable ;Beds. Telephone: Dunstable 1166 
fs 40491 


or: Bebadgate House Coventry Telephone: C 
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METALASTIK CONTRASONIC 


SPRING SHACKLES 


Isolating road noise 


PATENT APPLIED FOR 


METAXENTRIC 
BUSHES 


First fitced in spring eyes by the Standard 
Motor Company, Metaxentric bushes 
Here are two very successful Metalastik compon oun euath tad wertad Gdlnniane 


ents; the Contrasonic spring shackle, evolved for than concentric types. In fore - and -aft 
directions they are stiffer than in the 


the 3-litre Rover and the Metaxentric bush. The vertical plane, the ratio being about 
2'5 to | 


It is the volume of rubber that is the determining 


factor in isolating road noise. 


construction of the Contrasonic shackle is self- 
evident, also the canting of the twin units to 
resist lateral stresses. Fore-and-aft movement, 





as the leaf spring changes in length, is accom- 
modated by the rubber in shear; weight by 
combined compression and shear. 


A Metaxentric bush in the front eye of the 

spring and a Contrasonic shackle at the rear 

provides the most effective barrier yet devised PATENTED 
against the transmission and amplification of noise, 


s METALASTIK 


METALASTIK LTD., LEICESTER 









































ECLIPSE 


HIGH SPEED STEEL 
USE AN ECLIPSE FRAME 





made by James Neill & Co. (Sheffield) Ltd. and are © 


‘Eclipse’ hacksaw blades and other tools are 














Flexible Couplings 
cost no more— 
and they are backed 

by the widest experience, 
the most complete 
‘know-how’ in the world 


SILENTBLOC 


FLEXIBLE COUPLINGS: 














SUPER TANK 


for a Super Fueller 


A... 


nn — 


ae me Sy 





Deadweight has been 
kept to a minimum and the welded tank structure 
can easily withstand the heavy loads imposed, 
stresses remaining well within the fatigue range 


This highly-advanced 10,000 gallon semi-trailer all factors in its choice. 
tanker is specifically designed for rapid, efficient 
refuelling of aircraft. In fabricating its all-welded 
fuel storage tank, James Booth ‘MGs’ aluminium 


alloy sheet and plate were employed throughout. of the material. 
The light weight, ease of welding, excellent Our Technical Sales Section will gladly advise on the 
corrosion-resistance, and strength of ‘MG§5’ were use {*MGs' or any other Booth light alloys. 


TOP The‘ Yorkshire’ Super Fueller, designed and 
built by Saunders-Roe (Anglesey) Limited, for BP 
Trading Ltd. is suttable for carrying aviation 
gasolene or kerosene fuels. Argon shielded are 
process was employed in welding the *MGs5° tank 
structure. It is divided into three compartments, 
and its overall measurements are 37 ft long, 
8 ft 94 in deep, and 7 ft 104 in wide. 


Lert The Super Fueller is powered by a 165 b.h.p. 
diesel engine which is also used to pump the aviation 
fuel at flow rates of over 2 tons per minute. Pumping 
and metering equipment are housed in the com- 
partment behind the vehicle’s cab. 


JAMES BOOTH ALUMINIUM LIMITED 
KITTS GREEN - BIRMINGHAM 33 
Tel: STEchford 4020 





Extrusions, large forgings, plate, sheet, strip and tubes in light alloys 
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cutting costs on a 


f 
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in one set-up on one machine 


These gears are of three different contours as 
shown. Finish in the bore is 15 micro-inch 
and on the face 20-25 micro-inch. Bore and 
face are square to .0005". Stock removal 
012”. 

Gear is located in an adapter and held in a 
pneumatic diaphragm chuck. Bore is ground 
with table reciprocation and standard Size- 
matic cycle. When finished to size wheelhead 
is indexed forward and face is plunge ground 
with the facing attachment 


st pays to insta// HEALD smochines 









































== _——iThe Models 171 and 271 Grinders are now British-built with either Sizematic or Gagematic 
= sizing. Both models are completely automatic except loading and unloading. Model 271 is 

also offered as a Plain machine, which is semi-automatic 

Our specialists are available to advise on their application and we will quote for machines, 


completely tooled to suit customers components. 


ALFRED & = Gp 
= HERBER r L£7D.,COVENTRY factored Division, Red Lane Works. qb 


AD. 501 
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the embodiment 
of this scientific age 





Forward-looking engineers are embodying Heli-Coil Screw 
Thread Inserts in their designs because competition 
demands that they use only today’s most advanced and 
successful techniques 

The Heli-Coil method of screw thread engineering can 
improve products in almost an infinity of ways and 
at the same time make dramatic cuts in time and labour 
costs. It is ideal for automation, the operation is 
simplicity itself, just drill, tap and install. 

The Heli-Coil Insert provides a conventional thread with 
higher loading strengths and greater resistance to wear 
and stresses—it literally armours the thread 

The assembly obtained is anti-vibration because the 
Heli-Coil Insert allows pre-stressing. Weight and space 
are saved and the serviceability and appearance 

of the product enhanced. 

The importance of Heli-Coil Inserts to the modern 
designer is an irrefutable fact. Why not have all the 
information in front of you—data ts freely available 
Ask for Sales Leaflet APL 48/E 2 


Your newest design . . . is it quite up to date ? 


*HELI-COIL 1s o registered trade mark 


Write for more data on HELI-COIL inserts to ARMSTRONG PATENTS CO. LTD. EASTGATE, BEVERLEY, YORKS. 
Telephone: Beverley 82212 (6 lines) 
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measurement 
by 

projection 
with 


HILGE Fe 


Inspection Enlargers 

Simple projectors for checking form and dimensions 

of small components against enlarged layouts. Thread 
forms can also be checked against templates, 


Magnifications from \ 10 to \ 500, 


Production Projectors 

Similar to Inspection Enlargers, but designed for use in 
the horizontal position so that the operator can be 
seated for rapid checking, without fatigue, of mass- 


produc ed « onlponents, 


Universal Projectors 

Combine the advantages of ordinary projection with the 
addition of micrometer measuring equipment reading 

to (OOOL in. Co-ordinate measurements to Q-O00L1 in. 
and angular measurements to | minute can be made 
Largest instrument will accommodate work up to 50 Ibs. 
in weight. projec tor screen being 20 in. dia. and 


measuring range 7 in. horizontally and 2] in. vertically. 


Send for illustrated catalogue “Hilger Projectors for 


Production.” 


ALFRED 





LTD., COVENTRY 





AD 425 




















Change up to today’s 


top gear! 


Drivers are doing it everyday 
manufacturers are doing it all the time! 
The top gear today, of course, 

being made by David Brown-—just as it has 
been for over fifty years. And 

there’s a good reason for this universal 
approval of a famous name—for David Brown 
make the biggest selection of gears 

and gearboxes in the country. Every one is 
fully proved and unsurpassed in its 

class for accuracy, quiet running and dogged 
dependability. 

David Brown make a full range of 

auxiliary drives too—for timing, magneto, 

oil pump, speedometer and starter, 

and these are as widely used as their main 
transmigsions. It adds up to this—for 
commercial vehicle gears of any kind, 

more and more manufacturers are 

going straight into top with David Brown. 
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THE DAVID BROWN CORPORATION (SALES; LIMITED 


AUTOMOBILE GEAR AND GEARBOX DIVISIONS, 


PARK WORKS, HUDDERSFIELD PEL: HUDDERSFIELD 3500 
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é 
THE INTERNATIONAL TWIST DRILL CO. LTD. INTAL WORKS, WATERY STREET, SHEFFIELD 3 


Telephone : 23072 (3 lines) Grams: “Fluted, Sheffield” 





The Witt dll par ecllonce 


London Office and Stock 
6.9 Red Lion Market, Whitecross Street 


Birmingham Office and Stock 

81 Headingley Road, Handsworth, Birmingham 
Manchester Office and Stock 

177 Dickenson Road, Manchester, 13 Tel; RUSholme 7313-4 
Scottish Agent and Stockist 

John Warden, 50 Wellington Street, Glasgow, C.2. 


, London, E.C.1. Tel: MONarch 8771-2 


Tel: NORthern 8211 


Tel: City 6994 (2 lines) Grams: Precise, Glasgow 
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The 1960 Triumph Herald is a brilliant combination of 
superb design with up-to-the-minute technical 
advances. The Standard Triumph Group continue to 
use Hardy Spicer propeller shafts and universal joints 
on all their cars, relying on the thorough research 
and consistent development which has continued at 
Hardy Spicer throughout the changing styles of 


Standard and Triumph cars. The challenge of 


increasing strain on modern transmission equipment has 
Product of the 
been more than met by Hardy Spicer components nee 
sone 


Birtieid Group 


HARDY SPICER 


PROPELLER SHAFTS 


HARDY SPICER LIMITED 


CHESTER ROAD ERDINGTON 2101 (18 lines) 


BIRMINGHAM O4 TELEPHONE ERDINGTON 
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ve 
Wilmot Breeden (Serious enquiries about Truflo fittings 
will be seriously answered from 
Birmingham, London, Manchester, Bridgwater, Paris, Melbourne. 


@ A booklet of 





tous ad 


” 


Old English proverb: ‘‘All fluids flow’’. 


Fact. Mild ale, milk of human kindness, meths, myths, 
moths, maths, mulligatawny ... all flow, all anyhow. 
Beer downhill, damp uphill, ink everywhere. Sea sideways in lumps. 


At home, no problem. Turn hot tap, get cold water. 

But in British beehive of industry, buzz buzz clickety click, 

flow-control fundamental. Can’t pump chemicals Anglo-Saxon drainpipes.... 
can’t pour phenolphthalein chipped teapot... 

can’t put new wine old buckets... Laughing stock. 


So. Modern industrial practice thinwall piping systems in (e.g.) chemical 

(e.g.) petro-chemical installations. How neat, light, precise, how thin wall, 
smooth bore, non corrosive! Everyone pleased. Fluids flow fast, no knock glug. 
All enchanted. But how turn corner? All ask. 


How? Thin-wall elbows, bends, wiggles, forks, junctions... 
Who? Wilmot Breeden... 


Wilmot Breeden first manufacturers in U.K. to undertake large-scale production 
thin-wall elbows, other etcetera fittings. TRUFLO range (Tru-true flow-flo .. .) 
Stainless steels, nickel, Monel*, Inconel*, Corronel 210* and aluminium. 

Wilmot ‘‘every-British-car-roads-today”’’ Breeden! Sing. Shout. Investigate. 


*Registered trade names of 
Henry Wiggin & Company Ltd. 


Goodman Street, Birmingham 1.) 


vertisements in this sertes can be obtained from Advertising Department, Wilmot Breeden Ltd., 13-14 Orford Street, Birmingham 5. 
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A CROSS FLOW RADIATOR PRODUCED GY CMF. IN 1906 





i 


COVENTRY TEL: 20722 

















Call in C.M.F who have been 
in contin Ss business as radiator 
makers since 1902 The resulting 
experience has enabled C.M.F. to 
total of desian and production 
know-how’ which is unique and more 


to the point s at the disposal of the 





e designer at any time. 

















- ARO-BROOMWADE 
Yolden S; —_ 


PNEUMATIC TOOLS 





Model 7386C 


—/ioh speed 


MAXIMUM POWER 
NO NOISE 
NO BLAST 













these advantages are offered 
for the first time by the 
ARO-BROOMWADE Golden 
Silence range. The noise is destroyed 
by a specially developed exhaust 
system. An external porous-bronze 
diffuser, exclusive to 
ARO-BROOMWADE, breaks the 
force of the exhaust air and 


Model 7429C 


push-pull 
push-pull 





flapper; 


nm torque. 






diffuses it so gently that it 
will not disturb a flame held 
only inches away. 






Model 7276C 
reversible 
screwdriver and 


nutriner, 








Only ARO-BROOMWADE Tools 
have GOLDEN SILENCE 


Write for publication No. 444 TE. 














[ “FP ROOMWADE-~ 


AIR COMPRESSORS & PNEUMATIC TOOLS 
YOUR BEST INVESTMENT 


BROOM & WADE LTD. P.O. BOX No. 7. HIGH WYCOMBE, ENGLAND 
Telephone: High Wycombe 1630 (10 lines Telegrams: “Broom”, High Wycombe (Telex 667 SAS 
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M EADOW PFI ELT 


DOES SO MANY JOBS SO WELL 
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ONE PUMPING ELEMENT ONLY 


The DPA pump is basically simple in design, 
and has one pumping element only. This delivers 
fuel to each cylinder in turn, through the 
distributor. Accuracy of delivery is ‘built in’ by 
high precision machining. No phasing or 
calibration is required. There are no highly 
stressed springs--the opposed plungers are 
returned by oil pressure. The complete unit 
operates in filtered fuel oil, and wear is 
negligible. The DPA is ideally suited for high 
speed diesels-——already over a third of a 


million are in use throughout the world. 


The World’s Largest Manufacturers of 


FUEL INJECTION EQUIPMENT 
C.A.V. LIMITED, ACTON, LONDON, W.3. 
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Extra strong in design and 
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ARMSTRONG WHITWORTH & CO (Pneumatic Tools) LTD 


Main Sales Office: 34 VICTORIA STREET WESTMINSTER LONDON SW1 


Cable Address: ARMWHITOOL SOWEST LONDON Phone: ABBey 3817 
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This cylinder head is just one of the many quality 
castings produced in quantity by our Aluminium 
Foundry. Equipped for gravity and pressure diecasting, 
sand casting and plaster mould work, the modern 
and comprehensive West Yorkshire Foundries can 
tackle any aluminium casting assignment up to 2 tons 
weight. Why not discuss your casting problems with 
us? A preliminary chat costs you nothing—and our 
economical production methods could save you £££’s. 


West Yorkshire & Foundries Ltd. 


London Office: 
SAYNER LANE, LEEDS 10 HANOVER HOUSE, HANOVER SQ. W.! 
Phone: Leeds 29466 Phone: MAY fair 856! 


CAST WELL AND TRUE 
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The Birlefco medium frequency power-package 
is a completely self-contained motor generator 
unit of great versatility. Simply connected to a 
50 amp power point, the generator can be used 
\ to operate equipment for hardening, annealing, 
brazing, sintering and a wide range of other 
heat treatment processes. About 95° of all 
induction heating applications can be carried 
out at medium frequency 
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Highest conversion efficiency 
up to 86 


No expendable items 
Long reliable life 
Low running costs 


Simple rugged construction 


BIRLEC-EFCO (MELTING) LIMITED 


Westgate 


SM BE 6147 
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/ IN DESIGN 


a4 4 is provided by 
CLAYLASTIC 


the plastic/metal trimming strip 





Claylastic by virtue of its flexibility, superb 
wearing qualities and freedom from damage in assembly, 


is becoming the natural choice of designers for 

the external and internal finishing of private cars, 
commercial vehicles and, in fact, all forms of 

road transport. Claylastic is found to be the 

ideal embellishment for glazing rubber, 

cutting out the need of fillerstrip, and has been 
established as the perfect finish to flange joints. 

This material is being used on production lines 

and has proved its ease of application, and 

economy in installation. For further details please ask for 


our brochure Publication 1001. 


CLAYLASTIC IS PROTECTED BY BRITISH PAT. No. 801934. 
I 


HOWARD CLAYTON-WRIGHT LTD. 


WELLESBOURNE ° WARWICK ° ENGLAND 
TELEPHONE: WELLESBOURNE 316 TELEGRAMS: ‘CLATONRITE’ WELLESBOURNE 
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.. the best brake discs 
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DARTMOUTH AUTO CASTINGS LTD. SMETHWICK 40 STAFFS ig 


SPECIALISTS IN HIGH DUTY IRON CASTINGS 
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Which helmet ? 


Heavy and strong to resist deep-sea pressures, or 
light and shock-absorbent to wear all day in a 
coal-mine ? 


Each helmet has its correct place and so has a bearing. 
A life can depend on a helmet and a machine can 
depend ona bearing. The care, attention and precision 
which goes into the making of every S&S ball or 
roller bearing coupled with the unrivalled technical 
experience of their application to every kind of work 
in all parts of the world, means that SCS can 
offer the right bearing for the job it has to do. 
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ENGINEER 


Atrnoven, so far as the performance of their 
mechanical assemblies is concerned, motor vehicles have 
attained a relatively high standard, there remains a great 
deal to be done to improve the finish of the body cora- 
ponents, especially with regard to durability. Since the 
latter quality is largely dependent upon the quality of 
paints, and rubber and other plastics materials, it 1s 
perhaps understandable that development in this respect 
has lagged behind that of the mechanical components, for 
whereas engineers are operating on familiar ground when 
they are dealing with metals, few have a thorough under- 
standing of the properties of non-metallic materials. 
Complicating the problem even further is the fact that the 
works chemist tends to talk a different language from the 
engineer, who therefore does not always appreciate the full 
significance of his reports. 

Non-metallic materials might well be used instead of 
metallic ones in certain applications. The shortcomings of 
chromium plate are, of course, well known to engineers, 
as also are the remedies and their high cost. However, the 
durability of the finish must be improved, either by 
accepting the higher cost or by eliminating chromium 
plate. Currently the trend is to employ alternative 
materials, but even more might be done in this respect. 
For example, the use of a bright finisher strip either to 
conceal or to lighten the appearance of heavy black rubber 
glazing seals could be avoided by the substitution of one 
of the newly developed self-coloured elastomeric materials 
for the unsightly black rubber. Because of recent reduc- 
tions in price—of as much as 30 per cent in one instance— 
of some of these new synthetic rubbers, there is a case for 
reconsidering them for many applications. 

On the subject of rubber in general, the appearance of 
the small components of this material, including sections 
for glazing seals, grommets round petrol tank filler tubes 
and sealing rings for lamp bezels, contributes a great deal 
to the overall finish of the vehicle. Moreover, the tendency 
of certain types of rubber to stain paintwork ought to be 
investigated further. Natural rubber is, of course, subject 
to ozone cracking in stressed regions, and the onset of this 
trouble can quickly render components unsightly as well 
as ineffective. What is particularly serious is that cracking 
can occur during transit, for example by ship, to distant 
countries and can be evident by the time that the new 
vehicles are exhibited in overseas distributors’ showrooms. 
As is well known, one remedy is to mould the rubber to 
the shapes of the components around which it fits, so that 
to all practical intents it is unstressed. However, this 
can add to the cost and it is not always possible to stress 
the material lightly and at the same time seal effectively. 
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Non-Metallic Materials 


Neoprene is well known for its resistance to deterioration 
when contaminated with petrol or oil, and also it is not 
subject to ozone cracking. Producers of this material have 
recently made considerable efforts to reduce the price of 
finished sections and components, and one outcome is that 
an extruded neoprene sponge that is self-skinning as it 
comes from the die is currently under development. The 
formation of a skin on the sponge is, ef course, a useful 
feature in that it prevents absorption of moisture and the 
consequent corrosion of the components with which it is 
in contact. Since these sections are made in one continuous 
operation, they should be no more costly, and possibly 
even cheaper, than the currently employed sponge 
materials with separately applied skins. Moreover, a 
straight extruded neoprene section can be used, and bent 
where necessary to conform with the shapes of the com- 
ponents to which it is applied. This new material could 
be particularly useful for door seals, especially if the door 
openings were designed in such a way that seals of uniform 
section could be used. 

Perhaps the most important single factor affecting finish 
is paint. A great deal of research is being carried out in 
this field and there is of course scope for more. Deteriora- 
tion can be due to a number of factors, among which are 
abrasion caused by dust when the vehicle is cleaned and 
polished, and also chipping of paintwork by stones flung 
up from the road by vehicles in front. Among the 
requirements, obviously, are hardness and toughness: if 
the chemical problems can be solved, this might be 
achieved by using epoxide resin in conjunction with the 
alkyd types currently in use. Epoxide resin is very hard 
and does not flake easily if the panel on which it is applied 
is dented. Its disadvantages, however, are high cost and 
a tendency for the gloss to deteriorate after exposure for 
long periods, but these might be overcome by further 
development. With regard to the deterioration of gloss, 
if the material were used as one of the ingredients of an 
undercoat, this trouble would not be experienced since 
the finishing coats would protect it from direct exposure. 

Hitherto, the specifications for non-metallic materials have 
often been formulated more or less as an afterthought and, 
even then, on a basis of inadequate knowledge of funda- 
mental properties; however, much good work has been 
done by the S.M.M. and T. Standards Sub-committee on 
non-metallic materials, and a greater degree of rationaliza- 
tion is now being introduced in respect of performance 
specifications. Synthetic materials are becoming widely 
used for essential components of motor vehicles manu- 
factured in the United States, and there is certainly scope 
for more serious consideration of them in Europe. 

















Austin-Healey Sprite 






two- 


smallest 
any of the larger British 
Its originator was Donald Healey, who 
designed and built the prototype, as he did in the case of 


ry. 

De: Austin-Healey Sprite is the 
seater in quantity production by 
car manufacturers. 


sports 


the highly successful, larger Austin-Healey model. After 
extensive testing by him and by the Austin organization, it 
was passed, for production, to the Abingdon factory of the 
British Motor Corporation, where all B.M.C. sports models 
are built. The first production car was completed in March 
1958. 

Perhaps the most noteworthy feature of the Sprite, apart 
from its small size, is its chassisless design, the body shell 
forming also the structural framework of the car. Although 
common enough in closed cars, this construction is unusual 
in Open sports models, but the road behaviour of the Sprite 
and the reputation acquired since its introduction appear 
to justify completely the choice of structure. For this 
reason, and also because the mechanical assemblies of the 
car comprise largely B.M.C. standard components, it is the 
structural aspect of the Sprite that arouses most technical 
interest. The rear suspension, however, is also unusual in 
that it embodies quarter-elliptic springs. 


The body structure 

There are three distinct stages in the building of the Sprite 
body. The first of these is the production of the under- 
frame unit by John Thompson Motor Pressings Ltd., at 
Wolverhampton. This assembly incorporates some 50 pieces 
of various sizes, ranging in thickness from 21 B.W.G. to 
, in plate. 

Since an open body of this type lacks the depth that the 
roof and door pillars give to a closed car, its structure must 
include members so designed and placed as to impart the 
necessary stiffness. The Sprite has a single-sheet floor, 
which is below propeller shaft level and is almost flat, except 
for shallow, sloping depressions near the front, under the 
occupants’ feet, and for a set of four transverse depressed 
flutes on each side of the propeller shaft tunnel. Positioned 
transversely over the middle of the floor pressing, and 
welded to it, is a full-width cross member of top-hat section, 
the ends of which have outwardly turned flanges. In each 
end of the cross member is mounted one of the tubes that 
protrude through the body sill inner panels to form jacking 


Nm 


Part 1: The Unitary Structure of the Two-Seat 
Open Body: the 918 cm’ Engine; Four-Speed 
Gearbox and Hypoid Bevel 


Final Drive Unit 


The Sprite has trim lines and a 
minimum of external decoration; 
an unusual feature is the head- 
lamp nacelles. A readily fitted 
hard top, of reinforced plastics 
material, is an optional extra 


points. Each of these panels is welded to the upturned edge 
of the floor pressing. 

In front of the cross member, the floor pressing is cut 
away to clear the gearbox; the opening is flanked longi- 
tudinally on each side by a top-hat member welded to the 
floor as well as to the cross member. These longitudinals 
extend forward beyond the floor almost to the front of the 
car, and they carry the engine, the radiator and the spring 
abutment brackets. Welded under the overhanging portion 
of each longitudinal is a closing plate. The resulting box- 
section arms are bridged near their leading ends by a wide 
but shallow member of top-hat section, which also has a 
welded-on closing plate. When the power unit is installed, 
this cross member lies just ahead of the sump, which it 
partially masks, as regards cooling, but also protects to some 
extent from damage. 

In line with the bridge member, the abutment brackets 
for the front springs are welded to the outer faces of the 





SPECIFICATION 


ENGINE: Four cylinders. Bore and stroke, 62-9 mm and 76-2mm. 
Swept volume, 948 cm*. Maximum b.h.p. (gross), 424 at 5,250 
r.p.m. Maximum b.m.e.p, 136 Ib/in® at 3,300 r.p.m. Maximum 
torque, 52/b-ft at 3,300r.p.m. Compression ratio, 8-3: 1. 
Three-bearing, counterbalanced crankshaft. Chain driven cam- 
shaft. Vertical, in-line overhead valves actuated by push rods 
and rockers. Heart-shape combustion chambers in cast iron 
cylinder head. Siamesed inlet ports; exhaust ports of cylinders 
2 and 3 siamesed. Two S.U. H1 semi-downdraught carburettors, 
with 1% in diameter throttle barrels, mounted on aluminium 
manifold embodying balance pipe. Pancake type air filters. 
AC mechanical fuel pump. Dry weight, with flywheel and clutch, 
245 Ib 

TRANSMISSION: Borg and Beck single-dry-plate clutch, 6% in 
diameter, housed in cast aluminium bell housing integral with 
gearbox shell. Four-speed gearbox with synchromesh on top, 
third and second gears. Remote type manual control. Standard 
ratios: top, 1:1; third, 1-412: 1; second, 2-374: 1; first, 
3:627 : 1; reverse, 4:66: 1. Competition ratios: top, 1:1; 
third, 1-357: 1; second, 1:916:1; first, 3-20:1° reverse, 
4-114: 1. Dry weight, 35 lb. Hardy Spicer open propeller shaft 
with needle roller bearing universal joints. Three-quarter 
floating rear axle with banjo type casing and hypoid bevel 
reduction. Ratio, 4:22 : 1. 
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longitudinals. They are braced by a channel-section stiffener 
positioned transversely above the cross member. The pivot 
brackets for the lower wishbones of the front suspension 
are welded to the front and rear lower edges of the abutment 
brackets. Welded to the outer faces of the longitudinals, 
slightly ahead of the abutment brackets are the vertical, 
angle-section pressings that carry the radiator assembly. At 
a later stage, a channel-section right-angle stay, connecting 
the inner panel of each front wheel arch to the appropriate 
radiator bracket, is bolted in position. 

The wheel arches, which are outboard of and above the 
various brackets just mentioned, are each fabricated from 
three parts—inner, top and outer—and the rear edge of the 
last named is welded to the front edge of the body sill side 
panel. Behind the wheel arches are two assemblies that 
surround the occupant’s legs and feet; each consists of 
inboard and outboard side panels and a third pressing that 
comprises the top and front. The front portion of this 
pressing forms the rear of the wheel arch. These two 
assemblies, together with a fabricated bridge member 
between them, form a rigid dash structure. 

As regards the rear half of the under-frame assembly, it 
has already been mentioned that the propeller shaft, when 
installed, is above the main floor panel, which in this area 
is continuous from one side of the body to the other. A 
flanged pressing of arch shape is welded to the floor assembly 
just in front of the medial cross member. Behind this latter 
member, the two-piece transmission assembly is 
welded to the floor panel between the groups 
of flutes described previously. The front part 
of the tunnel, which mates with the arch 
pressing, is of dome shape, to clear the top of 
the gearbox, and seats partly on the 
member; the rear portion of the tunnel is a 
flanged pressing having an inverted U section | 


tunnel 


cross 


Right: Some 50 components are embodied in “ 
the under-frame structure; the floor panel 
extends underneath the propeller shaft 
The shaft passes through the rear cross 
member, which is a pressing of inverted 
V section. Below: In this view, the two 
longitudinal members, the front suspension 
brackets and the fluted floor are visible ‘ Ap 

2 

i 
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At the rear is a member of inverted, truncated 
V section, which is deeper than the rear part of the tunnel, 
over which it fits; its two sloping faces have flanged openings 
of the appropriate shape to fit round the tunnel pressing, 
to which they are welded. The lower edges of the cross 
member are flanged for welding to the floor panel. A 
depression is formed at the rear edge of the floor, mid-way 
between its sides, to provide clearance for the propeller 
shaft in the maximum rebound position. 

When the under-frame unit is completed, it is delivered 
to the Swindon factory of the Pressed Steel Co. Ltd, where 
one of the first operations is the fitting of two mounting 
brackets for the rear shock absorbers. These brackets are 
jigged in place before being welded to the rear face of the 
rear cross member, one at each side. At the P.S.C. factory, 
the upper parts of the body are made and assembled into 
three units, two of which are then welded to the under- 
frame structure. The first of these assemblies consists of 
five main pressings: these are the two rear wheel arches, 
of 18 B.W.G. steel sheet, the floor of the boot, and two 
panels which eventually join the sides of this floor to the 
rear quarters, behind the wheel arches. 

Stiffeners are fitted between the wheel arches and the 
floor to brace the structure. Originally, each joint was 
suffened by a pair of small pressings, but these have now 
given place to a single larger pressing. The present support 
a flanged angle or W section, curved 
the contours of the floor and of 


cross 


be described as 
its length to follow 


may 
along 


fy 
A@ 





the wheel arch: one flange is welded to the floor and the 
other to the arch 

The second assembly includes most of the remainder of 
the bodywork to the rear of the scuttle. At the back are the 
rear quarter pressings, between which is the rear panel; three 
plastics mouldings seal the joints on each side. The vertical 
post assembly on to which the door closes is welded to the 
front edge of each wing. Under the door and under the 
front foot of each rear wing pressing is the 18 B.W.G. outer 

whih extends forward to the front wheel 
At a later stage, it is welded to the front wheel 


sill panel, 
opening. 
arch 

Six main parts comprise the scuttle structure that bridges 
the sills. On each side, the door hinge pillar consists of an 
inner post assembly and an outer shroud panel. At the top, 
the two posts are joined by the scuttle itself, which has two 
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and the 


main components: they are the front panel 
units—the 


reinforced body top panel. The three body 
under-frame, the boot floor with the rear wheel arches, and 
the scuttle assembly with the door posts—are then welded 
together, at which juncture two reinforcing pressings are 
These two pressings, one of which is fitted on each 
In turn, 


added. 
side, join the door rear posts to the wheel arches. 
the arches are welded to the rear quarter panels. 
To complete the body shell, the two door assemblies are 
hung on their hinges and the bonnet assembly is attached 
to the dash by two hinge pins. The bonnet group is the 


Reproduction of the general arrangement drawing of the Austin-Healey Sprite car 


third major assembly previously mentioned; it embodies the 
front wings and the radiator grille as well as the cover over the 
engine compartment, of which the headlamp housings form 
a part. Most of these components are pressings of 20 B.W.G 
steel. Normally, the bonnet assembly is held down by a 
lock situated behind the front number plate, in the panel 
below the radiator grille; in addition to this lock, there is 
In its open position, 
struts, 


the usual spring-loaded safety catch. 
the bonnet is supported by a pair of 
supplemented by a simple prop of rod type, which can be 
lifted to engage a bracket under the bonnet. 

Although the bonnet lifts sufficiently to give good access 
to the various components housed underneath, it is arranged 
jor ready detachment when This involves 
disconnecting the electrical harness by means of four double 
and two single snap connectors, grouped close to the right- 
hand hinge, removing one set-screw at the top of each 
telescopic strut, and then unscrewing the two groups of four 
set-screws that hold each hinge plate to the bonnet assembly. 
The apparently quicker method of removing the two hinge 
pins instead of eight set-screws is not practicable once the 
instrument panel is installed, since the hinge pins are hidden 
by this unit. However, it is used at one production stage, 
as is Mentioned in the next paragraph. 

When each body leaves the Swindon works for Abingdon, 


telescopic 


necessary. 


its own bonnet assembly is properly attached, except that 
a normal steel nut is fitted to each hinge pin instead of the 
stiff-nut used in the finished car. For painting, the bonnet 
is separated from the body by removing the hinge pins, each 
bonnet being first marked to identify it with the body to 
which it belongs. When the two come together again after 
finishing, the stiff-nuts are fitted to the hinge pins. 

The hinge arms for the bonnet are channel-section press- 
ings, of swan-neck shape to clear the top of the dash when 
the bonnet is open. Alongside each hinge is a tubular stay 
that braces the angle between the bonnet top and the wing 


The wheelbase is 6 ft 8 in and the kerb weight 1,466 Ib 


p rel. The upper ends of the telescopic struts are attached 
about half-way forward under the bonnet shoulder. Each 
of these struts embodies two lipped  channel-section 
members, arranged so that one can slide inside the other; a 
conventional trip catch is provided. The bottom of the lower 
member of the strut is permanently hinged to a bracket 
attached to the under-frame assembly by two screws in one 
plane and a third at right angles, to prevent rocking. The 
top of the upper member of the strut is hinged by a 
shouldered bolt to a bracket attached to the underside of 
the bonnet assembly. 

At its front bottom edge, the bonnet has two peg-ended 
bolts; these register in holes in the longitudinals of the 
under-frame. The bonnet-lock has two sliding latch-bolts, 
operated by a handle with a double-lever, which register in 
bushed holes in striker plates secured to the front ends of 
the longitudinals. With regard to the safety catch 
previously mentioned, this is a single pressing of bell-crank 
type with a hook on the end of one arm, and this hook 
engages a peg on the nearside wheel arch. The other arm 
of the catch is bent over to make a convenient operating 
lever. 

As will probably have been gathered, the boot of this 
open two-seater body does not have an external lid. Access 
to its interior is gained from inside the body, behind the 
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seats; the individual squabs can be folded forward for this 
purpose. The spare wheel is carried in a horizontal position 
in the tail of the compartment, in which the hood is also 
stowed. 

The hood is completely detachable. It is made 
plastics coated fabric and is anchored to the rear edge of 
the cockpit by turn-buttons and press-studs. Originally, the 
front edge of the hood was attached to the windscreen frame 
by another nine press-studs, equally spaced. Even with this 
fairly close spacing, however, it was found that rain some- 
times entered between the two components. The method 


irom 


of attaching the front of the hood was, therefore, altered 
now a metal angle section is built into the front edge of the 
hood; it is shaped to match the top of the screen frame 
over which it lips. During erection of the hood, the front 
edge is attached to the screen immediately after the frame 
assembly is mounted on the body. The fabric is then 
stretched back and the rear end is secured. It is understood 
that this modification to the design has eliminated water 
leakage. 

On a body of this type, the 
bumpers may call for some thought 
there is no particular difficulty at the front 
outer support arms on each side are brought together along 
the outer face of the appropriate under-frame longitudinal, 
they are attached by two bolts. This bumper 
over-riders, and the front number 


method of attaching the 
In this case, however, 


The inner and 


to which 
carries two 
mounted on it. 

At the rear of the car, there is no bumper as 
Instead, there are what might be described as 
two over-riders alone, one of which is mounted near each 
quarter. Each has an upper and a lower bracket, for its 
attachment to the body. Inside the tail, on the floor panel, 
are two brackets, one for each over-rider; each is held to 
the floor by a set-screw, which is screwed into an integral 
boss on the bracket. The profile of the brackets is such 
that they fit into the angle between the rear panel and the 
boot floor. A set-screw, passing through the rear panel, 
secures the upper attachment bracket of each over-rider to 
its internal bracket. The lower attachment bracket passes 
under the floor, which is thus sandwiched between it and 
Two more set-screws pass through 


pl ite 1S 


normally 


understood. 


the internal bracket. 
the lower bracket and the floor into tapped bosses on the 
internal bracket, to clamp the assembly. In this way, any 
impact loads are distributed between the rear panel and 
the floor. 

The fuel tank comprises a shallow rectangular pressing 
welded under a flat panel. It is suspended directly beneath 
the floor by six studs fixed thereto and passing through the 
peripheral flange of the tank. One stud is situated near each 
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corner of the tank, and the remaining two are in the middle 
of the longer, longitudinal sides. Each stud is fitted with a 
plain and a shakeproof washer under the nut 


Engine 

The engine of the Sprite is a two-carburettor version of 
the well known B.M.C. Series A four-cylinder unit of 
62-9 mm bore and 76-2 mm stroke, the swept volume of 
which is 948 cm‘, or 57-87 in’. With its standard com- 
pression ratio of 83:1 it develops 42} b.h.p 
5,250 r.p.m, as against the 34 b.h.p. at 4,750 r.p.m. of the 
single-carburettor model fitted to the Austin A.35 and A.40 
Valve crash occurs at 5,900 r.p.m, at which speed the 


gross at 


cars 
power curve is still close 'o its peak 

A maximum approximately 52 '!b-ft at 
3,300 r.p.m. is quoted, and the torque curve does not fall 
below 50 Ib-ft from 2,100 r.p.m. to 4,100 r.p.m. The 
corresponding b.m.e.p. figures are 136 Ilb/in* maximum 
and 130 Ib/in* minimum between the speeds quoted. There 
is relatively little variation in the fuel consumption over the 
engine speed range. At 1,500 r.p.m. it is 0-538 pt/b.h.p-hr; 
it falls to 0-508 at 2,500 to 2,800 r.p.m 
0-538 at 4,600 r.p.m. From the point of view of combustion 
efficiency, these figures need to be considered in conjunction 
with those for the mechanical efficiency. The curve of this 
efficiency shows a value of 86 per cent at 1,000 r.p.m, falling 
n a nearly straight line through 84 per cent at 2,400 r.p.m 
and 81} per cent at 3,000 r.p.m, then descending a little more 
per cent at 4,000 r.p.m. and 72} per cent at 


torque of 


and rises again to 


steeply to 
5,000 r.p.m 


The quoted performance figures were measured with an 


type air filters 
advance 


pancake 
centrifugal 


engine fitted with the normal 
and a distributor with an automatic 
mechanism giving a straight-line variation from 23 deg early 
it 1,500 r.p.m. to 35) deg early at 5,000 r.p.m. As an indi- 
cation of top gear road performance, the output can be 
compared with the tractive resistance, as shown on one of the 
With six gallons of fuel in the 
tank, the Sprite has a kerb weight of 1,466 Ib and a laden 
16 cwt; its frontal area is 13-8 ft* and its 
drag coefficient is 0-00136. Tyres of 5.20-13 in section are 
fitted and the axle ratio is 38:9 or 4-22: 1 

It can be seen from the graph that the power available 
ind power required curves intersect at 84-4 m.p.h. The 
accelerative ability it lower speeds depends, of course, 
upon the surplus power available, as indicated by the vertical 
interval between the two curves. At 30 m.p.h, this figure is 
13 b.h.p; at 40 m.p.h, 17 b.h.p; at 50 m.p.h, 19} b.h.p; at 
60 m.p.h, 18 b.h.p. and at 70 m.p.h, 13} b.h.p. In terms of 
the surplus torque, these figures become 35, 34-3, 31-1, 24-2 
and 15-3 lb-ft respectively at the five road speeds quoted. 

At the peak of the power curve, the mean piston speed is 
2,625 ft/min. The ratio of maximum torque:torque at 
maximum r.p.m. is 1-22:1, whereas that of speed at maximum 
at maximum b.h.p. is 0-629:1. In terms of 
swept volume and area, the power output 1s 
44-8 b.h.p/litre and 2-2 b.h.p/in*. The power: weight ratio 
of the dry engine is 0-174 b.h.p/Ib and the b.h.p/ton vehicle 
kerb weight is 65 

Since the layout of the familiar 
to most readers, a detailed description is unnecessary. The 
four cylinders are in siamesed pairs, and the cylinder block 
and crankcase comprise a single casting of B.S. 1452/17 iron 
Nine studs and nuts—four on the left and five on the right 
—hold the head, which is of a cast iron similar to that of 
the cylinder block. The valves are vertical, in line, and the 
plane containing their stem axes is displaced about in to 
the left of that of the axes of the cylinders. They are 
disposed on the left side of the heart-shape combustion 
the sparking plugs are inclined at 40 deg to the 


accompanying illustrations 


weight of about 


torque speed 
piston 


general engine will be 


chamber 
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and the 


main components: they are the front panel 
reinforced body top panel. The three body units—the 
under-frame, the boot floor with the rear wheel arches, and 
the scuttle assembly with the door posts—are then welded 
at which juncture two reinforcing pressings are 
These two pressings, one of which 1s fitted on each 
In turn, 


together, 
added. 
side, join the door rear posts to the wheel arches. 
the arches are welded to the rear quarter panels. 

To complete the body shell, the two door assemblies are 
hung on their hinges and the bonnet assembly is attached 
to the dash by two hinge pins. The bonnet group is the 


Reproduction of the general arrangement drawing of the Austin-Healey Sprite car 


third major assembly previously mentioned; it embodies the 
front wings and the radiator grille as well as the cover over the 
engine compartment, of which the headlamp housings form 
a part. Most of these components are pressings of 20 B.W.G 
steel. Normally, the bonnet assembly is held down by a 
lock situated behind the front number plate, in the panel 
below the radiator grille; in addition to this lock, there is 
In its open position, 
of telescopic struts, 


the usual spring-loaded safety catch. 
the bonnet is supported by a pair 
supplemented by a simple prop of rod type, which can be 
lifted to engage a bracket under the bonnet. 

Although the bonnet lifts sufhiciently to give good access 
to the various components housed underneath, it is arranged 
ior ready detachment when necessary. This involves 
disconnecting the electrical harness by means of four double 
and two single snap connectors, grouped close to the right- 
hand hinge, removing one set-screw at the top of each 
telescopic strut, and then unscrewing the two groups of four 
set-screws that hold each hinge plate to the bonnet assembly. 
The apparently quicker method of removing the two hinge 
pins instead of eight set-screws is not practicable once the 
instrument panel is installed, since the hinge pins are hidden 
by this unit. However, it is used at one production stage, 
as is mentioned in the next paragraph. 

When each body leaves the Swindon works for Abingdon, 





its own bonnet assembly is properly attached, except that 
a normal steel nut is fitted to each hinge pin instead of the 
stiff-nut used in the finished car. For painting, the bonnet 
is separated from the body by removing the hinge pins, each 
bonnet being first marked to identify it with the body to 
which it belongs. When the two come together again after 
finishing, the stiff-nuts are fitted to the hinge pins. 

The hinge arms for the bonnet are channel-section press- 
ings, of swan-neck shape to clear the top of the dash when 
the bonnet is open. Alongside each hinge is a tubular stay 
that braces the angle between the bonnet top and the wing 


The wheelbase is 6 ft 8 in and the kerb weight 1,466 Ib 


panel. The upper ends of the telescopic struts are attached 
about half-way forward under the bonnet shoulder. Each 
of these struts embodies two lipped  channel-section 
members, arranged so that one can slide inside the other; a 
conventional trip catch is provided. The bottom of the lower 
member of the strut is permanently hinged to a bracket 
attached to the under-frame assembly by two screws in one 
plane and a third at right angles, to prevent rocking. The 
top of the upper member of the strut is hinged by a 
shouldered bolt to a bracket attached to the underside of 
the bonnet assembly. 

At its front bottom edge, the bonnet has two peg-ended 
bolts; these register in holes in the longitudinals of the 
under-frame. The bonnet-lock has two sliding latch-bolts, 
operated by a handle with a double-lever, which register in 
bushed holes in striker plates secured to the front ends of 
the longitudinals. With regard to the safety catch 
previously mentioned, this is a single pressing of bell-crank 
type with a hook on the end of one arm, and this hook 
engages a peg on the nearside wheel arch. The other arm 
of the catch is bent over to make a convenient operating 
lever. 

As will probably have been gathered, the boot of this 
open two-seater body does not have an external lid. Access 
to its interior is gained from inside the body, behind the 
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seats; the individual squabs can be folded forward for this 
purpose. The spare wheel is carried in a horizontal position 
in the tail of the compartment, in which the hood is also 
stowed. 
The hood is completely detachable. It is 

plastics coated fabric and is anchored to the rear edge of 
the cockpit by turn-buttons and press-studs. Originally, the 
front edge of the hood was attached to the windscreen frame 
by another nine press-studs, equally spaced. Even with this 
fairly close spacing, however, it was found that rain some- 
times entered between the two components. The method 


made from 


of attaching the front of the hood was, therefore, altered 
now a metal angle section is built into the front edge of the 
hood; it is shaped to match the top of the screen frame, 
over which it lips. During erection of the hood, the front 
edge is attached to the screen immediately after the frame 
assembly is mounted on the body. The fabric is then 
stretched back and the rear end is secured. It is understood 


that this modification to the design has eliminated water 
leakage. 
On a body of this type, the method of attaching the 


In this case, however, 


bumpers may call for some thought. 
The inner and 


there is no particular difficulty at the front 
outer support arms on each side are brought together along 
the outer face of the appropriate under-frame longitudinal, 
to which they are attached by two bolts. This bumper 
carries two over-riders, and the front number plate is 
mounted on it. 

At the rear of the car, there is no bumper 
understood. Instead, there are what might be described as 
two oOver-riders alone, one of which is mounted near each 
quarter. Each has an upper and a lower bracket, for its 
attachment to the body. Inside the tail, on the floor panel, 
are two brackets, one for each over-rider; each is held to 
the floor by a set-screw, which is screwed into an integral 
boss on the bracket. The profile of the brackets is such 
that they fit into the angle between the rear panel and the 
boot floor. A set-screw, passing through the rear panel, 
secures the upper attachment bracket of each over-rider to 
its internal bracket. The lower attachment bracket passes 
under the floor, which is thus sandwiched between it and 
the internal bracket. Two more set-screws pass through 
the lower bracket and the floor into tapped bosses on the 
internal bracket, to clamp the assembly. In this way, any 
impact loads are distributed between the rear panel and 
the floor. 

The fuel tank comprises a shallow rectazular pressing 
welded under a flat panel. It is suspended directly beneath 
the floor by six studs fixed thereto and passing through the 
peripheral flange of the tank. One stud is situated near each 


as normally 
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corner of the tank, and the remaining two are in the middle 
of the longer, longitudinal sides. Each stud is fitted with a 


plain and a shakeproof washer under the nut 


Engine 

The engine of the Sprite is a two-carburettor version of 
the well known B.M.C. Series A four-cylinder unit of 
62-9 mm bore and 76:2 mm stroke, the swept volume of 
which is 948 cm‘, or 57-87 in®. With its standard com- 
pression ratio of 8-3:1 it develops 42) b.h.p. gross at 
5,250 r.p.m, as against the 34 b.h.p. at 4,750 r.p.m. of the 
single-carburettor model fitted to the Austin A.35 and A.40 
Valve crash occurs at 5,900 r.p.m, at which speed the 


cars 
power curve is still close 'o its peak 

A maximum torque of approximately 52 !b-ft at 
3,300 r.p.m. is quoted, and the torque curve does not fall 


below 50 Ib-ft from 2,100 r.p.m. to 4,100 r.p.m. The 
corresponding b.m.e.p. figures are 136 Ilb/in* maximum 
ind 130 lb/in? minimum between the speeds quoted. There 


is relatively little variation in the fuel consumption over the 
engine speed range. At 1,500 r.p.m. it is 0-538 pt/b.h.p-hr; 
it falls to 0-508 at 2,500 to 2,800 r.p.m. and rises again to 
0-538 at 4,600 r.p.m. From the point of view of combustion 
efficiency, these figures need to be considered in conjunction 
with those for the mechanical efficiency. The curve of this 
efficiency shows a value of 86 per cent at 1,000 r.p.m, falling 
in a nearly straight line through 84 per cent at 2,400 r.p.m. 
and 81} per cent at 3,000 r.p.m, then descending a little more 
steeply to 774 per cent at 4,000 r.p.m. and 72} per cent at 
5,000 r.p.m 

The quoted performance figures were measured with an 
engine fitted with the normal pancake type air filters 
and a distributor with an automatic centrifugal advance 
mechanism giving a straight-line variation from 23 deg early 
at 1,500 r.p.m. to 35} deg early at 5,000 r.p.m. As an indi- 
cation of top gear road performance, the output can be 
compared with the tractive resistance, as shown on one of the 
accompanying illustrations. With six gallons of fuel in the 
tank, the Sprite has a kerb weight of 1,466 Ib and a laden 
16 cwt; its frontal area is 13-8 ft* and its 
Tyres of 5.20-13 in section are 


weight of about 
drag coefficient is 0-00136 
fitted and the axle ratio is 38:9 or 4-22:1 

It can be seen from the graph that the power available 
and power required curves intersect at 84-4 m.p.h. The 
iccelerative ability at lower speeds depends, of course, 
upon the surplus power available, as indicated by the vertical 
interval between the two curves. At 30 m.p.h, this figure is 
13 b.h.p; at 40 m.p.h, 17 b.h.p; at 50 m.p.h, 19) b.h.p; at 
60 m.p.h, 18 b.h.p. and at 70 m.p.h, 13} b.h.p. In terms of 
the surplus torque, these figures become 35, 34-3, 31-1, 24-2 
and 15-3 lb-ft respectively at the five road speeds quoted. 

At the peak of the power curve, the mean piston speed is 
ft/min. The maximum torque:torque at 
maximum r.p.m. is 1-22:1, whereas that of speed at maximum 
torque: speed at maximum b.h.p. is 0-629:1. In terms of 
swept volume and piston area, the power output 1s 
44-8 b.h.p/litre and 2-2 b.h.p/in*. The power: weight ratio 
of the dry engine is 0-174 b.h.p/Ib and the b.h.p/ton vehicle 
kerb weight is 65 

Since the general layout of the engine be familiar 
to most readers, a detailed description is unnecessary. The 
four cylinders are in siamesed pairs, and the cylinder block 
and crankcase comprise a single casting of B.S. 1452/17 iron. 
Nine studs and nuts—four on the left and five on the right 
—hold the head, which is of a cast iron similar to that of 
the cylinder block. The valves are vertical, in line, and the 
plane containing their stem axes is displaced about in to 
the left of that of the axes of the cylinders. They are 
disposed on the left side of the heart-shape combustion 
chamber: the sparking plugs are inclined at 40 deg to the 


2,625 ratio of 


will 
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vertical, on the other side of the chamber, between the two 
valves. 

Particulars of the valves and springs are given in the 
accompanying table. The valves are actuated by push rods, 
and the camshaft is slightly lower than the bottom ends of 
the cylinders. For adjustment of the clearance there is a 
screw and locknut at one end of each rocker; the screw has 
a ball-end that seats in the cup-end of the push rod. The 
valve timing is checked with 0-019 in valve clearance— 
0-007 in more than the normal cold clearance. It is as 
follows: inlet opens 5 deg before t.d.c, closes 45 deg after 
b.d.c; exhaust opens 40 deg before b.d.c, closes 10 deg 
after t.d.c. 

The rockers pivot on a tubular shaft carried by four 
pedestals, each of which is secured to the cylinder head by 
a pair of studs and nuts. Six of the rockers are disposed in 
pairs on the three portions of the shaft between adjacent 
brackets, those of each pair being separated by a light 
helical spring. The two remaining rockers are carried one 
on each overhanging end of the shaft, where each is retained 
by a double-coil spring washer, plain washer and split pin. 

A single-row roller chain of {in pitch drives the camshaft, 
and a degree of automatic tensioning is effected by the simple 


expedient of fitting a synthetic rubber ring in a peripheral 
groove machined on each side of the camshaft chain wheel. 
These rings have an overall installed diameter rather greater 
than that of a circle touching the side plates of the chain 
when it is on the sprocket. The resultant compression of 
the rings by the chain is sufficient to ensure that the latter’s 
effective pitch circle on the wheel is increased as the pitch 
of the chain increases with wear. 

Three bearings carry the camshaft. The front one has a 
Vandervell D2 white metal liner, but in the other two the 
shaft runs directly in the crankcase material. Axial thrust 
is taken at the front by a plate secured to the casting by 
three set-screws. 

The forged, counterbalanced crankshaft is carried in three 
Vandervell D2 white metal bearings of 1-75 in diameter and 
1-188 in length. In conformity with general B.M.C. practice, 
the big-end bearings, which have a diameter of 1-625 in and 
a length of 0-875 in, are of the VP3 copper-lead type, and the 
stepped cap joint is inclined at 45 deg to the longitudinal 
axis of the rod. Each big end is offset axially by about 
0-15 in from the longitudinal axis of the rod and piston. 
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Axial location of the crankshaft is provided by a diametric- 
ally divided thrust washer on each side of the centre main 
bearing. 

The jin diameter gudgeon pin is clamped in the small 
end of the connecting rod by the usual split eye and pinch 
bolt arrangement. This bolt also provides positive location 
of the gudgeon pin, cotter fashion. The connecting rod 
length between centres is 5j in, so the ratio of that length 
to the stroke is 1-92: 1. 

Four rings are fitted to each of the split-skirt light alloy 
pistons. The uppermost of the three compression rings has 
a parallel rubbing face, but the other two have taper faces. 
All three are approximately 0-07 in wide. The bottom ring 
is a slotted scraper component, with a width of approximately 
0-125 in. 

Two types of oil pump are used alternatively. One has 
an eccentric rotor and the other has sliding vanes. In both 
cases, the normal pressure is 60 Ib/in* and the minimum 










Most of the body shell pressings are of 
a relatively simple nature, to minimize 
tooling costs. The entire front assembly, 
comprising the wings, bonnet and radiator 
grille, is hinged at the rear and can be 
raised to give good access to the engine 


pressure, for idling, is 15 Ib/in*. The pump shaft fits freely 
into the hollow tail end of the camshaft and the drive is 
transmitted by a diametral pin. This pin registers in a slot 
machined in the end of the pump shaft. 

Oil is drawn from a six-pint pressed steel sump through 
a gauze strainer. It is discharged past a non-adjustable 
pressure relief valve and through a Tecalemit or Purolator 
full-flow felt filter, the by-pass valve of which is set to open 
when the pressure across the filter reaches 15 to 20 Ib/in*. 
From the filter, oil is fed to each main bearing, to each 
camshaft bearing and to the front pedestal of the hollow 
rocker shaft, along which the lubricant flows to the drilled 
radial holes feeding each rocker bearing. 

Two S.U. H1 semi-downdraught carburettors, with 1} in 
diameter throttle barrels, are fitted. They are inclined at 
20 deg to the horizontal, on the left side of the engine. The 
inlet manifold is a light alloy casting consisting of two short 
port branches joined by a horizontal balance pipe. Each 
port branch connects one carburettor to a siamesed port in 
the cylinder head, one of which divides to serve the inlet 
valves of cylinders 1 and 2, and the other those of cylinders 
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3 and 4 The balance passage is connected by a short 
vertical tract to the roof of each port branch. It is of 
relatively large bore, about } in, for most of its length but 1s 
restricted to about half that diameter mid-way between its 
ends. Each carburettor is fitted with a Cooper pancake 
type air cleaner, and the two are fed by an AC mechanical 
pump. A three-branch manifold connects the exhaust ports 
in the head to the down pipe. Cylinders 1 and 4 have 
separate exhaust ports, but 2 and 3 discharge into a siamesed 
port connected to the short central branch of the manifold 


Clutch and gearbox 

Four dowel bolts secure the flywheel to the flange at the 
rear end of the crankshaft, which is bored out for the bush 
carrving the leading end of the gearbox first-motion shaft 
The clutch is a standard Borg and Beck 6} in diameter unit 
with a single dry plate, on which are linings 4 in thick and 
with a total frictional area of 30-1 in It is controlled 
hydraulically. Six springs are employed, to exert a total 
ixial force of 540 to 600 Ib, and the pressure plate travel to 
full release is 0-24 to 0-27 in 

The gearbox shell 1s integral with the clutch bell housing 
ind is cast in B.S. 1490 LM4M or LM21M aluminium alloy 
An orthodox gearbox layout is employed, in that the first- 
and third-motion shafts are in line, giving a direct drive in 
top gear. The layshaft is to the left of and slightly lower 
than the mainshaft, and the reverse shaft is almost directly 
under the mainshaft 

Both the layshaft and the reverse shaft are stationary, their 
gears revolving on them. The reverse cluster rotates on a 
plain bush but the layshaft cluster is carried on two needle 
roller bearings, each with 23 rollers 0-098in diameter and 
approximately 0-78in long; the internal diameter of their 
housing is approximately 0-83 in. The cluster itself consists 
of three single-helical gears and a straight-tooth pinion, all 
formed on a single forging. Details of the various gears are 
given in the accompanying table. For competition work, 
closer ratios are available 

Ihe front end of the mainshaft is carried in a plain 
bearing housed in the rear end of the first-motion shaft, 
and its rear end is carried in a ball journal bearing. Another 


ball bearing locates the first-motion shaft, where it enters 


Three views of the two-carburettor version of the B.M.C. 948 cm® 
Series A power unit. Top: The distributor is mounted low and nearly 
horizontal; the clutch housing and gearbox shell are one aluminium 
casting. Middle: Each S.U. carburettor has a pancake type air filter 
Bottom: The cooling fan is shrouded to increase its efficiency, and 
the radiator filler cap is sited on an extension of the header tank 





VALVE DATA 





Inlet Exhaust 
Materi al | En 52 | 21 4 NS or XB, 
Stellite faced 
Head diameter 1.094 in 1-00 in 
Throat diameter 0.969 in 0.908 in 


Stem diameter | 0.2793-0.2798 in | 0-2788-0.2793 in 
Diametral clearance in 
guide | 0-0015-0.0025 in | 0.002-0.003 in 





Seat angle 45 deg 45 deg 
Face width—on valve 0.055-0-075 in 0.055-0-.075 in 
on seat 0.036-0.056 in 0.052-0.072 in 
Valve lift 0.28 in 
Spring material En.49 
Number of working coils 4! 
Coil diameter 1-118-1-132 in 
Wire gauge 9! S.W.G. (0.136 in 
Spring rate } 114 lb/in 
Spring length—free 1} in 
installed | 1/f in 
Spring load—valve seated | 521 Ib 
Valve crash speed 5,900 r.p.m. 
Valve clearance—cold 0.012 in 
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Orthodox B.M.C. practice is followed in the engine, which has a stroke 


chambers are employed, and the inlet ports are siamesed. Rubber rings are fitted to 


the box. Assembly of this gearbox is effected through the 

open rear end, which is subsequently closed by a relatively 

long, aluminium extension casting. The third-motion shaft 

passes through the extension and its rear end is splined to 

receive the sliding coupling of the propeller shaft. In the cle /, 

extension are the speedometer drive gears and part of the 

remote gear control mechanism. The selector rods them- 

selves, naturally, are housed in the main gearbox, but they \~ 

extend into a chamber at the base of the extension casting, 

and the three striker forks are immediately under the striker 

lever, which can slide or swing on its stationary spindle : 
The upper extension of this lever, above its spindle, 1s 

axially bored and bushed to receive the ball end of a short 

arm mounted on the leading end of the longitudinal remote 

control shaft, to which it is pinched and keyed; the pinch 

bolt also acts as a cotter. This control shaft bears directly 

in a cast aluminium casing attached by six studs to the top 

of the gearbox extension casting. At the rear end of the 

remote control shaft is another short lever, pinched and 

keyed in position. This lever projects upwards and accom- 
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bore ratio of 1:21: 1 








The valves are vertical, heart-shape combustion 
the camshaft sprocket to compensate for wear of the chain 
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f the gear | itself, 


modates the ball-end at the bottom of the 
which is in a spherical mounting 1n a short turret formed 


evel 
on 


the top of the remote control casing, at the rear. The 
lever is retained by a light pressing secured to the turret by 


geal 


three set-screws. 
A spring-loaded plunger, housed in the rear of t 
bears on the pivot ball of the gear lever, to preven 


he turret, 
t rattle 


without introducing excessive friction. Alongside it ts the 
reverse stop, which has two main elements: on the right 
hand side of the lever on the rear end of the remote contro! 


shaft is a horizontal arm, which ults upward when the gear 
lever is moved towards the reverse gear position. Abov 
the arm, and housed in the turret behind the pivot ball, 1s 
a vertical, spring-loaded plunger. When the gear lever 1s 
moved to engage a forward ratio, a spring-loaded ball 
registers in a notch in the plunger. The engagement of 


reverse, therefore, involves not merely the compression of 


the plunger spring but also the disengagement of the detent 
ball from the notch 
Propeller shaft and final drive 

A Hardy Spicer open propeller shaft, with needle roller 
bearings in the universal joints, transmits the power to the 


rear axle, which has a banjo casing of conventional design 
The final drive unit embodies hypoid bevels and a 
pinion differential. As has already been mentionec 


crown wheel and pinion have 38 and 9 teeth respectively; 
nd the 


two- 
i, the 


the planetary gears of the differential have 10 teeth 
half-shaft gears have 17 teeth. Each three-quarter floating 
half-shaft is integral with the flange carrying the wheel hub 

issembled 


The entire bevel and differential mechanism ts 
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The gearing hose 
ich that the curve F 
f power required 
t by the Dnt rve 
fhe totter peor 


4S a unit in its own carrier, which fits into the open front of 


the banjo casing, where it is retained by eight studs and nuts 
iround the banjo opening. In the gear carrier, two taper 
roller bearings support the hypoid bevel pinion shaft, the 
ixis of which is offset 0-75 in below that of the crown wheel 
The bores of the front and rear bearings are respectively 
1-0 in and 1-125 in Between the two inner races is a 
distance piece lightening of the flange nut on the front 


end of the pinion shaft clamps the assembly—comprising the 
the distance piece and the universal joint 
washer immediately ahead of the 
races of the bearings are located in 


two inner races, 


flange igainst a thrust 


pinion. The two outer 
the carrier by shoulders 
lo obtain the correct setting of the pinion relative to the 


f ventio three-shaft layout is used in the B.M.C. Series A four- 
peed gearbox, in which the layshaft is mounted to the left of the 
, haft and slightly below it. Ti«-e is synchromesh on the upper 

three r / alternative, cioser ratios are available 
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GEARBOX DATA 
Number Diametral , : Blank thickness 
of teeth pitch Helix Angle Material at p.c. diameter 
Mainshaft gears 
fourth i9 10 40 deg HS 13R ‘4 in 
third 23 10 40 deg HS 13R 0-490 in 
second 29 10 40 deg HS 13R 0.490 in 
first 32 10 HS 13R 0.369 in 
Layshaft years 
fourth 28 10 40 deg HS 13R in 
third 24 10 40 deg HS 13R in 
second 18 10 40 deg HS 13R in 
first 13 10 HS 13R in 
Reverse idler 18 and 24 10 AS 24 











A neat remote control 
brings the short gear 
lever to a convenient 
position. The linkage 
is simple and robust 


The hypoid bevels and 
the differential form 
a single unit housed 
in the nose casing of 
the rear axle. In the 
illustration, the gears 
are being checked on 
the bench for backlash 





A 9-tooth pinion and a 38-tooth crown wheel are fitted in the hypoid 
final drive unit; the axis of the pinion is offset 0:75 in below that of the 
wheel, and the half-shafts are of the three-quarter floating type 


| giew—e ae a 
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crown wheel, the thrust washer is manufactured in various 
thicknesses. Control of the pre-loading of the two bearings 
is obtained by inserting shims of suitable thickness between 
the inner race of the front bearing and the distance piece. 
When the flange nut is tightened to a torque wrench reading 
of 1,680 Ib-in, a torque of 13 lb-in should be necessary to 
overcome the effect of the pre-load. 

Two ball thrust bearings carry the crown wheel and 
differential cage assembly. The outer races of these bearings 
are secured in the carrier by caps, each retained by two 
studs with nuts and spring washers. These caps and the 
bearing seats in the carrier are shouldered so that the 
bearings cannot move outward, as they might do if retained 
solely by frictional grip. Pre-loading of these bearings can, 
therefore, be assured by suitable axial location of the inner 
races, which are carried on extensions of the differential 
cage. To obtain the correct location, shims are fitted between 
each inner race and a shoulder on the cage. The choice of 
shim thickness, to provide the necessary pinch of 0-002 in, is 
based on direct measurement of certain dimensions in each 
individual unit. 

At each end, the axle casing carries a ball journal bearing, 
the inner race of which is held against an external shoulder 
on the casing by a nut. The end of the casing is threaded 
to take the nut, which is secured by a locking washer. The 
outer race of the bearing is clamped between the flange on 
the end of the half-shaft and a shoulder inside the hub, 
which is attached to the flange by the two screws retaining 
the brake drum and by the four wheel studs and nuts. A 
spring-loaded, moulded lip type oil seal is housed inside the 


hub, immediately inboard of the ball bearing. 
8 get, RT TR 
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Carburation and Performance 


The Zenith Range of Carburettors and How They are Matched to the Engines 


Part 11. 


CHARLES 


7 
W HILE the Zenith Company produces an immense 
variety of different types and sizes of carburettor, currently 
at a rate of about 6,000 per day, the number of basic models 
employed on the popular motor vehicles is relatively small 
There are, of course, variations on these basic models, but 
for the purpose of this article we need discuss only a few 
V type 

This is a design that forms the basis for a large number 
of different carburettors fitted to road vehicles. One of its 
features is that the float chamber which contains, in addition 
to the float, the metering jets and most of the metering 
elements, 1s a separate component and is secured by two 
hexagon-headed bolts to the main body. On removal of 
these bolts, the float chamber comes away for ready examina- 
tion and cleaning of the jets and passages, Fig. 6 


The 30-VIG range 

Several millions of this design have been produced 
float system is conventional, and the fuel for the 
metering system is regulated by two fixed jet orifices screwed 
into the floor of the float chamber, Fig. 6. These are known 
as the main jet and the compensator jet, and they are indi- 
cated as items | and 2 in Fig. 7B. Both jets feed through 
various channels into a common discharge orifice, and so 
out into the air passage of the venturi, at 3 in Fig. 7B 

Air for emulsion is admitted into the capacity well at 4, 
and the construction of the channels is such that the fuel 
metered by the compensator jet is mixed with emulsion ait 
to a greater extent than ts the fuel from the main jet. The 
emulsion of fuel and air issuing from the discharge beak 
at 3 is spread across the air passage of the venturi by a 
distributor bar, which is a fixture in the venturi. In certain 
instances, an extra distributor bar is employed: its end 
faces the outlet of the beak, and it is thus at right angles to 
the fixed bar. 

The idle system follows orthodox lines, the slow running 
jet 5 drawing its fuel supply from downstream of the main 
metering system. A small bleed hole above the slow run- 
ning jets admits a little air, and the resulting emulsion is 
passed down to the idle discharge and progression orifices 
at 6 and 7 respectively, in Fig. 7A. Slow running mixture 
adjustment may be effected either by 


The 
main 


a volume control, as 


F g. © Plan view of 
the detachable float 
chamber oft the 30- 


V/G typeof carburettor 
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Fig. 7. Sectional di showing details of the 30-VIG carburettor 
gE 


Irom: 


shown at 8 in Fig. 7A, or by an air control screw, as at 9 in 
Fig. 7C. 

Over the years, several different methods have been 
employed on Zenith carburettors to achieve part throttle 
economy. With any Zenith economizer system it is possible 
to match closely the part throttle requirements of the engine, 
no matter how lean these requirements may be: since, as 
has been mentioned in an earlier section, there is practically 
no weak limit to the mixture that the carburettor can be 
made to meter, the limitation on part throttle economy lies 
in the ability of the engine to operate on lean mixtures. 

When matching the VIG series carburettors—as with other 
types—to an engine, it is necessary first to determine the 
lean limit acceptable by the engine. This is usually done 
by taking a series of mixture loops over the throttle range 
A typical curve, taken at part throttle, is illustrated in Fig. 8. 
These curves are generally obtained at constant load and 
speed, the only variables being the mixture strength and 
The first mentioned variable 
and the second by the 


induction system depression 
is regulated by an adjustable jet 
throttle 

With the VIG unit, jet adjustment is catered for by fitting 
a modified float chamber bowl having an adjustable needle 
valve screwed into its base in such a manner that the needle 
enters the main jet orifice. To facilitate adjustment, the 
lower end of the needle is knurled, and the setting can, 
therefore, be altered easily while the engine is running. It 
is usual to plot brake specific fuel consumption against 
induction depression to obtain the curves. 

In Fig. 8, the point X represents the brake specific fuel 
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Right: Fig. 8. A typical 
mixture loop, taken at part 
throttle; a series of such 
loops is needed to match a 
carburettor to an engine 


Above: Fig. 9. One of the 
newer Zenith downdraught 
carburettors, the VN type; 
a difference from the VIG 
series is in the position 
of the emulsion block 





output at the throttle 


for maximum 
opening at which the curve was taken, while the point Y ts 
This illustration clearly exposes 
the fallacy of attempting to gain fuel economy by running 
with a mixture leaner than that which the engine can usefully 
accept, for if the mixture is weakened beyond point Y, the 


consumption power 


that of maximum eccnomy. 


fuel consumption increases — verification of this can be 
obtained readily by observation of the fuel consumpuon 
measuring instruments when the engine is running on a 
test bed. Having obtained a family of these curves, over the 
part load range, one has a clear picture of the absolute 
lean limit of mixture that the engine can use under any 
condition. Power units vary considerably in this respect, 
as between different designs; in general, loops with tails that 
remain fairly flat give promise of more stable carburation 
than those that rise sharply from the point Y, as the 
depression is reduced. 

In selecting the fixed jets and other metering devices with 
which to obtain the required characteristics, it is usual to 
choose points on the loops, such as Z in Fig. 8, slightly 
richer than the lean limit at Y. This is to allow for pro- 
duction tolerances in respect of carburettor flow and the 
mechanical details of the engines. It is this final fixed-jet 
metering curve that produces the chain dotted, part throttle 
flow curve C in Fig. 5. What really determines the weak 
mixture limitation for part throttle running is the onset 
of unstable running. Sometimes the mixture strength can 
be weakened to the point Y and further without instability. 
On the other hand, some engines show’ pronounced 
instability and misfiring at a point only slightly below X, 
and in such cases it is not worth while to employ an 
economizer type of carburettor. 

In Fig. 7 can be seen the method employed in the Zenith 
VIG model to meet these requirements. Mention has 
already been made of air for emulsion being inspired into 
the capacity well and thence into the emulsion system: the 
supply of air is drawn into the orifice 10 in the air intake 
and thence through one or both of the air ventilation holes 
11 and 12, and so to the capacity well 4. A small disc 
valve, mounted on a flexible diaphragm 13 is spring-loaded 
in a suction chamber in such a manner that, when there is 
no depression in the chamber, the disc valve is held upon 
its seating by the spring 14. This action seals off the part 
throttle ventilation orifice 12, leaving open the smaller one 
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11, which is known as the full throttle bleed. Engine 
depression is conveyed through a channel, which can be 
seen clearly in the illustration, to the suction chamber. 

Thus, with the throttle wide open, the suction diaphragm 
valve is held against its seating by the spring, and the large 
ventilation hole 12 is closed, so the air passing into the 
emulsion system is then limited by the restriction of the full 
throttle bleed 11. This provides for the supply of fuel and 
air mixture appropriate for operation at maximum power at 
any practicable speed. When the engine is operating under 
part throttle cruising conditions, however, the greater 
depression of the induction system is transmitted to the 
suction diaphragm 13, and lifts it, together with its valve, 
away from the seating, as shown in Fig. 7A. The orifice 12 
will then be opened, permitting more air to enter the 
emulsion system, so weakening the mixture to meet part 
throttle requirements, which should be in the region of ( 
in Fig. 5 and Z in Fig. 8. The determination of mixture 
requirements in the wide open throttle condition is carried 
out by means of an adjustable jet, as before, but in this 
instance the mixture loops are usually plotted in terms of 
b.m.e.p. or b.h.p. against brake specific fuel consumption. 

All models of the VIG range incorporate an acceleration 
pump, which is mechanically operated and is a simple com- 
ponent. The brass piston 15, in Fig. 7D, is connected to 
the throttle spindle by a linkage, which can be seen on the 
right-hand side of that illustration. When the throttle is 
closed, the piston is raised, charging the pump chamber 16 
by drawing fuel from the float chamber through the non- 
return disc valve 17. Then when the throttle is opened, 
the piston is pushed downwards, closing the valve 17 and 
forcing fuel past the non-return ball valve 18 and out into the 
airstream through the calibrated jet 19. There is a hole in 
the top of the ball valve assembly 20: this relieves the pump 
system of engine depression and so prevents fuel from being 
drawn from it when the pump is not in operation. The 
link that connects the pump actuating rod to the throttle 
spindle can be seen above the throttle stop screw 21 in 
Fig. 3D. When the link is in the upper hole in the throttle 
spindle lever, where it is retained by a small split pin, it 
is in the “long stroke” or “winter setting”, and of course in 
the lower hole, it is in the “short stroke” or “summer setting” 
of the acceleration pump system. 


VN series 

This is a more recently designed range of short down- 
draught carburettors, for accommodation under the now 
fashionable low bonnets. In general, the system of metering 
used on the V type units is retained, although the arrange- 
ment of the components 1s slightly different. Most impor- 
tant of these differences is in the position of the emulsion 
block, Figs. 9 and 10: whereas on the VIG units the 
emulsion block is outside the float chamber, on the VN 
series it is placed inside the float chamber. The object of 
this latter arrangement is to have the jets and emulsion 
system immersed in fuel so that the assembly is kept cool, 
to avoid vapour formation and percolation troubles. The 
arrangement of the main and compensator jets is similar 
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to that of the VIG and other V type units, although the 
actual shape of the two jets is different: in the VN range, 
the main compensator jet formed in small 
threaded brass plugs with circular heads but, instead of the 
square recess, as in the VIG range, these have screwdriver 
slots. Another noteworthy divergence from long-established 
Zenith practice is in the relative sizes of the main and 
compensator jet bodies. On all previous Zenith models, 
that of the main jet is the smaller and that of the compen- 


; 


sator jet is the larger of the two, but in the VN range the 


orifices are 


opposite is the case. 

Two screws, assembled from the the 
emulsion block to the inner wall of the float chamber. The 
right-hand illustration in Fig. 10 is of the emulsion block 
removed. It shows the main and compensator now 
located at the bottom of the emulsion block, and the ventila- 
tion bleed, now at the side, for the capacity well 

From Fig. 9, it can be seen that although the disposition 
of the various channels is different from that of the VIG 
unit, the general functioning of the system is the same. The 
main jet 1 feeds fuel directly into the bottom of the vertical 
discharge tract, which leads into the horizontal beak 2. As 
in the VIG unit, the fuel is atomized by the entry of air 
through the capacity ventilation orifice 3 and into the main 
jet well through the three horizontal bleed holes. Also, the 
strengths of the full and part throttle mixtures are regulated 
mainly by the full throttle bleed 4 and the part throttle air 
bleed, which in the illustration is shown closed by the 
economy valve. 

An acceleration pump is, of course, incorporated in the 


outside, secure 


jets, 





VN instruments. In essentials it is similar to the VIG 
Fig. 10. The float chamber and emulsion block of the VN carburettor 
A and F plug over idling jet; B emulsion block; C f D floot arm: E ve 

rew t mpacity we G compensating jet, Hw ' elerat ’ 

J pump discharge valve; & pump jet 

F 

pattern, but a prolonged fue! discharge is given by the 
inclusion of a spring-loaded broken-beam lever. A most 


ingenious arrangement is employed for quickly altering the 
volume of fuel discharged. This is the small die-cast 
thimble 6, which can be lifted and rotated by the fingers, to 
give the pump piston a long or short stroke and so provide 
4 summer or winter setting 


36-42 WI series 
This is another recently introduced range of short 
downdraught instruments. They differ from the V models 
in that the WI design in general follows that of the American 
Bendix-Stromberg instrument This is a result of the 
absorption by Zenith, in 1935, of the European section of 
the Stromberg business. 
All the carburettors of 


very 


this series are economy device 
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instruments, but they differ from the V type in that the 
lean mixture for part throttle operation is supplied by the 
main metering jet, and fuel enrichment for maximum power 
is accomplished by means of an extra jet and fuel valve, 
known as the power or by-pass jet. From Fig. 12, it can 
be seen that the main metering jet 1 passes fuel directly into 
the base of the main discharge jet 2, which 1s also an 
emulsion tube. Air for emulsion is fed into the system 
through the main air bleed 3, the resulting emulsion being 
discharged into the small or primary venturi at 2. 

The arrangement of the emulsion system requires some 
explanation, since it incorporates an anti-percolation device, 
There is a 


designed to get rid of fuel vapour quickly 
division between the upper and lower portions of the 
discharge tube. Fuel from the main metering jet passes 


into the blind axial hole in the base of the tube, out through 
the two large radial holes into the annulus round the tube, 
and then through the series of small radial holes drilled from 
the underside of the upper portion of the tube, into the 
bore of that portion. The object of this construction is to 
keep vapour bubbles on the outside, while permitting the 
fuel to pass freely into the upper end of the tube; the vapour 
bubbles pass up and round the annulus and burst harmlessly 
in the domed air bleed 3. A conventional volume control 
type of idle system is incorporated. The general arrange- 
ment of the whole unit is shown in Fig. 11 

When carburettors of the WI series are being matched 
to an engine, requirements for part throttle operation are 
explored by plotting mixture loops, in the manner already 
described in connection with the V series. For this opera- 
tion, the main metering jet is replaced by a screwed com- 


ponent that is similar to it in form but which contains a 
threaded adjustable needle assembly. When the mixture 
requirements have been determined, a size of the main 


metering jet is selected to fulfil those for economical cruising, 
and the extra fuel for high power is obtained by fittuung a 
by-pass jet assembly of the appropriate flow characteristics 
Fuel metered by the latter system flows from the by-pass 
jet directly into the base of the main discharge jet as shown 
in Fig. 12. The by-pass valve is controlled by a suction 
operated, spring loaded diaphragm system 4 and 5, in 
Fig. 12, similar to that of the VIG range. Under part throttle 
conditions, the engine depression holds the diaphragm stem 
away from the by-pass valve rod 6. As the full throttle 
condition is approached, the depression falls, and the by-pass 
valve opens, thus permitting the extra fuel to be delivered. 


ibove of one of the W/ downdraught carburettors 
if the U.S.A. Bendix-Stromberg instruments 


Fig. 11. View from 


The design resembles that 


g jet. E high-speed 


A eration pump pist B power . : 
bleed, F volume tr rew. G pump dischorge nozzle 
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On the WI series, the acceleration pump system is simple 
and calls for littl comment. Fuel is discharged from the 
pump, into the airstream, from the small die-cast nozzle, 
which can be seen in Fig. 11. As in the VIG and VN pump 
systems, there is an air bleed over the nozzle, so that it is 
not subject to engine depression. On some 36-WI installa- 
tions, where the pump discharge is required in the early 
stages of throttle movement, a cam operating linkage is 
employed; in others, a simple lever type linkage is used. 
The larger WI carburettors, the 42-WI series, are almost 
identical with the 36 range, except in that the acceleration 
pump is of the Zenith-Stromberg D.I.V. pattern, in which 
a follow-up device is incorporated. 


Cold starting 

Starting from cold demands the richest mixture of the 
whole operating range—the air:fuel ratio required for 
starting at ambient temperatures of O deg F is in the region 
of 1:1, by weight. When the engine has fired, sufficient air 
must be admitted into the engine to permit it to overcome 
the friction due to the high drag and the cold lubricating oil. 
With the strangler type of starting system, this is arranged 
by interconnecting the strangler and the throttle spindle so 
that the throttle valve is opened a certain amount when the 
strangler is in operation. After the engine has been running 
a few moments, the mixture needs to be adjusted slightly to 
avoid over enrichment and stalling. On the current Zenith 
carburettors, this is done automatically by a spring-loaded 
eccentrically-mounted strangler valve. In the past, however, 
a few carburettors were produced with an auxiliary starting 
carburettor but, as cold starting requirements have become 
more severe, the semi-automatic strangler system has proved 
superior. The cold starting specification may vary between 
one motor-car manufacturer and another, but in the majority 
of instances it will be found to be between 0 deg F and 

20 deg F. 

In the Zenith semi-automatic system, the strangler valve 
is pivoted eccentrically in the air passage, Fig. 13. When 
the strangler control is moved to the cold starting position, 
the strangler valve is closed by a light spring which, in the 


Fig. 12. Diagrammatic sectional views of the WI type carburettor 


illustration, is on the right-hand end of the spindle—the 
only positive control that the strangler lever has over the 
valve is in opening it. At the same ume a linkage auto- 
matically opens the throttle valve to a_ pre-determined 
position, which has been found, generally by experiment in 
a cold room, to be best for the cold starting condition speci- 
fied. When the engine fires and runs, the ingoing airflow 
acting on the eccentrically pivoted strangler valve forces it 
open slightly against the tension of the spring, so that more 
air is admitted to weaken the mixture automatically. As the 
vehicle is driven away from cold, the increasing airflow opens 
the valve still further, and so automatically regulates the 
mixture. As the manual control is returned to the normal 
operating position, a tag on the mechanism forces the 
strangler open; at the same time, the fast idle linkage 
automatically reduces the throttle opening to the normal 
idling position. 


Automatic choke 

The automatic choke is an ingenious device to provide 
the rich mixture necessary for starting the engine from cold 
and, also, to weaken the mixture in proportion to the rising 
temperature of the engine after it has started; furthermore, 
it sets the throttle for the cold start, and appropriately 
reduces the fast-idle speed as the engine temperature rises. 
In short, the only action the driver need take, initially, apart 
from switching on and operating the electric starter device, 
is to press the accelerator pedal once: this permits the whole 
assembly to snap into the cold start position. 

From Fig. 14, it can be seen that the essential basic 
feature of this system is an eccentrically mounted strangler 
valve, as in the manually operated system. A coiled thermo- 
stat spring is used, instead of the simple spring of the 
manual system, to hold the strangler valve lightly closed 
when the engine is cold. As the engine warms up, the 
tension in the thermostat spring is automatically decreased, 
sO permitting the strangler valve to open. 

There are several arrangements of the thermostat as 
applied to the strangler valve; in some instances, the thermo- 


mounted on the exhaust manifold, and in 


Stat spring 1s 


Fuel enrichment for maximum power is effected by means af a by-pass jet 
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others on the water jacket round the induction system. In 
the system illustrated in Fig. 14, the thermostat spring 1, 
which is a bimetal coil, is housed in a chamber mounted on 
the side of the carburettor. Its inner end is anchored to 
the metal cup 2, and its outer end has a bent tag which is 
arranged relative to the pin on the strangler lever in such 
a manner that, when cold, the spring will hold the strangler 
valve closed. 

The channel 4 allows the depression in the induction 
system to be communicated to the thermostat chamber 
This depression causes hot air to be drawn from an area 
adjacent to the exhaust manifold, through a small bore 
pipe connected to the union screwed into the heat resistant 
retainer 3, over the thermostat spring and into the engine. 
To prevent over-enrichment after the cold start, a vacuum 
operated piston 5 is linked to the strangler spindle. When 
the engine fires, the rising depression in the induction 
system is transmitted through the channel 4 to the cylinder 
in which the piston operates. This draws the piston down 
as far as the radial hole 6, and opens the strangler valve a 
predetermined amount. 

Linked to the strangler spindle lever, at 7, is the fast idle 
cam and stop-screw assembly 8 and 9. This automatically 
opens the throttle the appropriate amount for the cold start 
and subsequently for warming up. To reduce the speed 
progressively as the engine warms up, the cam is stepped 
For adjusting the tension of the thermostat spring, the 
retainer 3 can be rotated, after its three clamping screws 
have been loosened. There is a number of serrations upon 
the circumference of the retainer, and a die-cast projection 
on the top of the thermostat housing forms a pointer which, 
in conjunction with the serrations, indicates the setting 
An interesting feature of the assembly is the metal cup 2, 
which retains the heat when the engine is stopped 


Conclusion 

What of the future? Which types of fuel system are likely 
to be employed in the years to come? Is petrol injection 
still to be the panacea for all fuel system problems, as it 
was believed by some to be only a few years ago? 

In order to obtain a clearer picture of the possibilities we 
should first examine the American scene. Until fairly 
recently there was in the States the horse-power race, and 
the widely used V-eight engines have been developed to give, 
according to their manufacturers, in some instances power 
outputs in excess of 300 b.h.p. Very high compression 
ratios have been adopted, and complicated four-barrel com- 
pound carburettors are used. So long as these expensive 
compound carburettors are employed on American cars, 
there seems to be some reasonable possibility that petrol 
injection could in some instances be competitive despite the 
inherent high cost of these systems. But the American 
picture is changing: according to an article entitled “1960 
Passenger Car Engineering Trends”, by Walter G. Patton, 
in the S.A.E. Journal, December 1959, the horse-power race 
is over; this year, several American concerns are offering 
optional economy power units, and these have compression 
ratios of the order of 8 or 9:1, being designed to run on 
American regular grade fuels. The four-barrel carburettors 
are replaced by twin-barrel instruments with lean settings, 
and in certain instances the size of the inlet valves has 
been reduced. 

This trend is likely to increase still further the price gap 
between carburettors and petrol injection. There are also 
other factors. Some three years ago, Chevrolet offered the 
Rochester continuous petrol injection system as an optional 
extra on their Bel-Air model. However, no more has been 
heard of it since. Also, Chrysler and Pontiac offered petrol 
injection as an optional extra, but this has been discontinued. 

In Europe, Mercedes-Benz pioneered petrol injection on 
their 300 SL six cylinder engine, using a Bosch jerk-pump 
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Above: Fig. 13. The Zenith semi-automatic strangler system embodies 

an offset pivot axis. Below: Fig. 14. In the VNT automatic choke layout 

the strangler valve again has an offset pivot; its position is controlled 
by a thermostat spring, which is in the form of a bimetal coil 
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This 


arrangement does at least ensure equal fuel distribution to 


to inject fuel directly into each combustion chamber. 


each cylinder, although the problem of ensuring equal 
distribution of the air remains. However, it is, of course, 
extremely expensive, and there are problems associated with 
maintaining the necessary very close production tolerances 
on the fit of the plungers in their cylinders, not to mention 
lubrication, 

It may have been these difficulties, possibly combined 
with others, which have led Mercedes-Benz to alter the 
system completely. On the 220SE, six cylinder engine, the 
injection pump has two plungers only. With this arrange- 
ment, one plunger supplies the front three cylinders and the 
other the rear three, the petrol being injected into the induc- 
tion port, close to the inlet valve. The two-plunger pump 
runs at half crankshaft speed, so that the discharge into 
the tract serving the three cylinders occurs irrespective of 
what part of the two of the three cylinders are 
operating on at the moment. Therefore, in effect, the action 
is similar to that of a continuous injection system. 

In addition to the injection pump itself, there are, of 
course, the usual metering elements necessary to regulate 
the fuel supply, according to the engine requiremenis alt 
any moment. All these elements have to be produced to a 
high degree of accuracy, and are therefore expensive. The 
petrol injection system on the Mercedes-Benz 220SE costs 
the customer in Germany about £144 more than the 
carburettor installation. 

One of the most ingenious petrol injection systems is that 
of Lucas. This unit, which has been used on Jaguar racing 
cars, operates on the port injection principle, as does the S.U. 
swash-plate type system. There remains, however, the 
question of price. The idea of employing petrol injection 
as a means of supplying fuel to the engine is very old 
indeed: several of the earliest motor-driven vehicles were 
fitted with primitive petrol injection systems. In 1919, when 
the author was privately toying with a scheme of a rotary 
internal combustion engine not unlike the Wankel unit now 
being sponsored by N.S.U. and Curtiss-Wright, he designed 
a simple petrol injection system to feed fuel into the 
combustion space, because this appeared the only practicable 
method. 

It may well be that we, in this country, will concentrate 
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our efforts on obtaining rapid acceleration characteristics up 
to, say, 80 m.p.h, together with improved reliability and 
better fuel consumption. Straws in the wind indicate that 
maximum speed limits may become more widespread, and 
designers should consider the implications. But whatever 


the future, surely the aim should be at !etting the difference 
in performance as between the saloon and the sports car 
become wider: the complication and expense of obtaining 
sports car performance with the quantity produced saloon 
car seems to be wasteful and economically unsound. 


Zenith’s Fifty Years 


IN 1910, a small factory was opened in Camden Town, 
London, for the manufacture of a new type of carburettor. 
It was known as the Zenith instrument, was designed and 
patented in France, and was noteworthy for a novel principle 
of mixture compensation. Tests by vehicle manufacturers 
proved that the Zenith instrument offered certain advantages 
over other types, and the first production order was placed 
by Albion Motors Ltd. During the company’s first year, the 
output of carburettors was about 25 a week, a figure that has 
since multiplied a thousandfold. 

Production increased rapidly during the next few years, 
and a limited company was formed in 1914, when the factory 
was moved to larger premises nearer the centre of London. 
During World War I, a Zenith carburettor was fitted to the 
first tank, and subsequently as standard equipment to every 
British tank. Another war-time development was an aero- 
engine carburettor. 

As a result of the post-war expansion of the motor industry, 
additional premises were acquired near the second factory. 
By 1927, demand had again outrun production capacity, so 
this extra factory was demolished and a new three-storey 
building erected in its place. The industrial depression 
followed, and with it came a marked reduction in output. 
Nevertheless, by careful arrangement of the working hours, 
the company was able to retain all its employees. 

During this lean period, development work went on, and 
one of its fruits was the evolution of the first Zenith carburet- 
tor to have the body pressure die cast in zinc-base alloy 
instead of gunmetal. This carburettor, which was known as 
the Type 22 FZB instrument, also featured a detachable 
section carrying the jets, and it became standard equipment 
on the Austin 7. Soon afterwards came the U type instrument 
and then, in 1931, the V type. The second of these marked a 
considerable step forward in design, since it incorporated an 
entirely new method of atomizing the emulsion emerging 
into the throttle bore. As a measure of the merit of this 
carburettor, it is noteworthy that its basic principles are sull 
employed in the instruments fitted as standard equipment to 
a number of cars and commercial vehicles in quantity 
production today. 

In 1935, the Zenith company took over the manufacture 
in Great Britain of the American designed Stromberg 
carburettor. It had already become evident that the two 
London factories were at the limit of their capacity, and the 
present factory near Edgware, Middlesex, was completed 
during that year. The other premises were then relinquished. 
After the move to the new home, production continued to 
soar, and the familiar 30 VIG carburettor was introduced in 
1937; since then about three million of this type have been 
sold. An important development during the late 1930s was 
the introduction of a system of service stations throughout 
the country. 

During World War II, the factory was, of course, very 
fully employed in the manufacture of carburettors for military 
and other purposes. A seven-day week was worked and many 
machines were running continuously for 24 hours a day. In 
1941, a large bomb fell in front of the factory and caused 
quite a lot of damage, though without interrupting production 
for more than two hours. 

One highlight of the second post-war period was the first 
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occasion on which carburettors were operated at the South 
Pole: Zenith type 28G carburettors were fitted to Sir Edmund 
Hillary’s Sno-Cat vehicles, which reached the Pole in 1958. 
That year, history was made at home also, in that Zenith 
was the first British company to make a million carburettors 
in 12 months. The field of activities has recently been ex- 
tended with the introduction of the MX range of carburettors 
for smaller engines. These instruments are already fitted to 
several motor-cycle, scooter, outboard and agricultural 
engines, and have proved efficient and economical. 


Evolution of the Car Chassis 


IN THE article entitled “Evolution of the Car Chassis”, 
which appeared in the June issue of Automobile Engineer, 
there were two errors in respect of figures. One was on the 
first line of the last paragraph where the date 1940 was 
given, whereas, of course, it ought to have been 1904, and 
the other was in the caption for the illustration on the 
opposite page, which referred to a Humber 6 h.p., instead 
of 16 h.p., chassis. 


Quick-Release Hydraulic Coupling 


AN ADDITION to the range of Aeroquip flexible hose and 
end fittings has been announced by Super Oil Seals and 
Gaskets Ltd., Kings Norton, Birmingham, 30. It is known 
as the Golden Flow quick-release, self-sealing coupling, and 
is intended for use in hydraulic feed lines having a working 
pressure of up to 3,000 Ib/in*. The coupling is supplied 
with British or American standard threads and, by the use 
of adaptors, is available in {in and } in sizes. 

Each half of the coupling embodies a_ spring-loaded 
sealing valve of poppet type, and a thimble ring, also spring- 
loaded, for quick attachment. In the coupled position, a 
rubber washer effects the hydraulic seal between the two 
halves, which are located by a ring of hardened steel balls 
mounted in tapered holes. The coupling is intended both 


This view of the new 
Aeroquip self-sealing 
coupling reveals the 
ring of locating balls 





for industrial and agricultural equipment. In the second of 
these two applications, one half of the coupling is held by 
a bracket fixed to the tractor or towing vehicle, while the 
other is free to disengage automatically should an excessive 
pull be applied to the hose. The manufacturers state that 
tests have revealed the restriction of fluid flow through the 
coupling to be of negligible proportions. 
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Tetramethyl Lead 


An Additive for Improving Research Octane Numbers, especially of the 


Low Boiling Point Fractions of Fuels 


Ix a paper presented to the Summer Meeting of the Society 
of Automotive Engineers in Chicago, three members of the 
Research Department of Socony Mobil Oil Company have 
given the full story of their discovery of certain special 
properties of tetramethyl lead, TML, the new additive for 
the improvement of anti-knock qualities of modern petrols 
Brief details have previously been given in the February 1960 
issue Of Automobile Engineer. The value of this additive, 
which boosts the octane number of the lighter components 
of petrol, was discovered as a result of extensive work in the 
Company’s Paulsboro, New Jersey, Research Laboratories, 
and road tests of many makes of cars, carried out by Mobil 
affiliates in England, America, France, Germany and Italy 

Tetramethyl lead is deemed to be an important addition to 
chemicals available to refiners for the production petrols 
having high road octane numbers. The authors predict that 
within five years it will be widely used to overcome the 
problem of octane depreciation of petrols, produced by the 
most modern refining techniques, when used in modern cars 
with manually controlled transmissions, and in general to 
increase the anti-knock quality of petrols sull further. 

In their paper, the authors, R. H. Perry, Jnr., C. J. DiPerna 
and D. J. Heath, explained that refinery methods have 
changed during the past 10 years: the proportion of petrol 
produced by catalytic cracking and catalytic reforming tech- 
niques has increased at the expense of that produced by 
straight-run and thermal techniques. The platinum catalyst 
reforming technique is the most significant recent develop- 
ment. Widespread use of this process has made possible 
most of the increase that has occurred in the past 10 years in 
respect of motor gasoline octane numbers. However, efficient 
use of the very high quality gasoline components produced by 
this process has presented the one formidable problem 
already referred to, namely road octane number depreciation 
In some cars, especially those with manually controlled 
transmissions, gasolines containing large percentages of 
catalytic reformate have been found to have much lower 
road octane numbers than were predicted from the Research 
and the Motor Method ratings. A combination of two 
factors was found to be responsible for this; they are: 

(1) Uneven anti-knock quality distribution over the whole 
boiling range of catalytically reformed petrol, such that a 
significant proportion of the petrol has a much lower anti- 
knock value than the overall figure. That portion of the 
petrol which boils at about 200 deg F sometimes has 20 
octane numbers lower value than the heavier and lighter 
fractions. 

(2) Uneven mixture distribution to the individual cylinders, 
through the intake manifold system. During the initial 
period of an acceleration from a low engine speed, there is 
a separation of light and heavy components in the manifold 
and all cylinders do not receive the same mixture so, if the 
anti-knock quality is not distributed uniformly among the 
different constituents of the petrol, some cylinders receive 
a mixture with a low anti-knock quality. This condition is 
further complicated by the fact that tetraethyl lead, TEL, 
because of its high boiling point, of 392 deg F, is concen- 
trated in the less volatile components, which have high 
anti-knock values, at the expense of the lighter components. 
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It has been found that road octane number depreciation 
transmissions can be related to the 
fraction of the cut from the 
initial boiling point to 220 deg F) x (Research octane number 
of the petrol) (Research octane number of the cut from 
the initial boiling point to 220 deg F, but with 4 TEL 
content, in terms of cm‘/gal, of the petrol). 

From the form of this depreciation factor, it is evident 
that depreciation could be reduced by either increasing the 
Research octane number of the lower boiling fractions or 
reducing the fraction of the petrol boiling below 220 deg F. 


manual 
volumetric 


in cars with 
following factor: 
7 


Large reductions cannot be effected in the latter fraction, 
because this would, of course, markedly affect other 
characteristics, such as warm-up; so, after 


performance 
considering many ways, including the changing of refinery 
processing plans, it was decided that the first of these 
alternatives should be adopted and that this should be 
effected by increasing the anti-knock additive concentration 
in the fractions with boiling points up to 220 deg F 

In all tests carried out with TML, TEL and many inter- 
mediate lead alkyls, TML was by far the most effective in 
reducing the road octane number depreciation of reformate 
The effectiveness of the other ethyl methyl lead 
alkyls generally order of increasing boiling 
point, and TEL was the least effective. It follows that TML 
is most effective because it has the lowest boiling point and, 
in the induction is distributed with the lower 
octane fractions of the petrol. Iron pentacarbonyl was also 
very effective but was ruled out because of its adverse effects 


petrols. 
decreased in 


manifold, 


on engine wear. 

In the course of the work, another important discovery 
was made with regard to tetramethyl lead usage: not only 
was TML more effective than TEL, as measured by road 
ratings of reformate fuels in cars with manual transmissions, 
but it also more effective anti-knock additive than 
TEL, as measured by Motor and the Research Method 
ratings. Furthermore, the advantage for TML was found to 
increase as the anti-knock quality of the catalytic reformate 


Was a 


increased. 

Thus, TML represents an important addition to materials 
available to refiners for the production of petrols having high 
road octane numbers. It not only possesses an advantage 
over TEL for increasing Research and Motor octane numbers 
in catalytic reformate blends, but it also enables refiners to 
overcome the problem of road octane depreciation peculiar 
to the petrols refined by catalytic reforming methods. Thus, 
yt opens the way to the wider use of these latest and more 
advanced techniques for the production of hydrocarbon fuels. 


Valve Life 

A BOOKLET on the subject of valve life has recently been 
produced by the technical division of Farnborough Engin- 
eering Co. Ltd. It is well illustrated, with pictures of 
examples of typical valve failures, and the technical informa- 
tion obviously has been carefully prepared. This booklet, 
which can be obtained free of charge from Farnborough 
Engineering Co. Ltd., Farnborough, Kent, should be of 
interest to design, development and service engineers. 











Thermal Aspects of Vehicle Braking 


Heat Generated, Calculation of Temperature and of Braking 


dreas Required and Correlation Between Theory and Practice 
Y 


Tr. P. NEWCOMB, M.Sc, A.Inst.P* 


In the first part of this paper, a discussion is given of the heat generated during braking and the proportions absorbed by the 


drum and the linings. 


Expressions to permit calculation of the temperature rise in a drum or disc are given for single brake applications. 


Typical 


transient temperature curves are shown for single applications with small saloon cars, high powered cars and public service vehicles. 
A comparison is made between drum and disc brakes, and also between cast iron drums and bimetallic drums. 
In the second part, equations are given for the temperature rise during regular repeated brake applications when cooling is 


taken into account. 
temperature. 


shown how random braking can be reduced to equivalent cyclic applications. 


It is shown how these expressions enable the area of the braking path to be calculated, for a specified maximum 
Consideration is given to actual brake usage measurements when vehicles are operated on road circuits, and it is 


From one such circuit on the Alps a fade test and 


braking area for a sports car is derived. This area is compared with that obtained with the conventional brake rating formula. 


( NE of the fundamental problems in the braking of 
vehicles is the determination of the temperatures reached, 
at the surface of contact and within the brake drum and 
lining, during brake applications. If temperatures become 
too high, a deterioration in brake performance may result 
from a number of causes, the chief one being that of brake 
fade when the coefficient of friction between lining and 
drum is seriously reduced. Linings may wear at a much 
greater rate at higher temperatures, and high thermal 
stresses and localized hardening of metal near the friction 


NOTATION 


surface may cause surface cracking, or, in extreme cases, 
complete drum failure. 

Some of the factors that affect the temperatures attained 
are the rates of deceleration and duration of braking; the 
road speeds at each brake application; the dimensions and 
physical properties of the drums and linings; the frequency 
of the brake applications; and the degree of air cooling from 
finning and wheels. However, these factors each play a 
different part in the various kinds of braking likely to be 


*Research Division, Ferodo Limited, Chapel-en-le-Frith, Cheshire 





1,A 1,, A’ Area of outer surface of drum, rubbing path, friction 
material and overall area of hub and drum respectively 
a Deceleration 
6 Parameter Ah WC 
C,,C,,C’ Specific heat of drum material, lining material, hub and 
wheel material respectively 
D External drum diameter 
d, Drum thickness 
E,,E Thermal equivalent of kinetic energy, of vehicle, entering 
unit area of front and rear drum respectively 
E,, E's Thermal equivalent of kinetic energy, of vehicle, entering 


unit area of front and rear linings respectively 
E,* Thermal equivalent of kinetic energy, of vehicle, entering 
unit area of front disc 
f Compressive stress at the rubbing path at any instant 
during braking 
S Yy/ 


g Acceleration due to gravity 


h, hy, h Coefficient of heat transfer of surface of drum, surface of 
lining plus shoe, and of the overall from the hub and 
drum respectively 

¥ Mechanical equivalent of heat 
K Overall coefficient of heat exchange 
K,, K, Thermal conductivity of drum and hning material 
respectii ely 
K Constant 
1 Coefficient of linear expansion 
M IT 
N,N’, NaN Thermal equivalent of energy per unit area per unit time 
entering a front drum (E/T), front linings (E’,'T), a rear 
drum (E,/T) and rear linings (E’,'T) respectively when 
braking to rest 
N,*, Ni* Heat inflow per unit area per unit time entering front and 


rear drums respectively when continuously braking down 
a uniform gradient 
n Number of brake applications 
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P Weight of vehicle 

T Duration of brake application when % 
t Time 

t) Regular interval between repeated brake applications 
vehicle after braking for t, se 


ehicie comes to rest 


U Final linear speed of 
us Imitial linear speed of vehicle 
V Velocity of air 
Vm Mean journey speed 
wv Linear speed at any instant 
W Weight of drum 
Total work done 
W’ Weight of hub and wheel 
's Thermal capacity of shoe plus lining 
Y Modulus of elasticity of drum matertal 
Proportion of the total braking force transmitted to the 


front wheel axle 


1 Thermal diffusivity of drum —+ 


p 

Mean temperature increase during a brake application, 

drum, lining plus shoe 

@ Temperature rise at the rubbing path at any 
during a brake application 

Oe Temperature rise at the exterior drum surface during a 

brake application 


instant 


4, Ambient temperature 
4, Maximum friction surface temperature during repeated 
braking 
Gav Average temperature of drum at any instant 
Imax Maximum temperature reached at the rubbing path 
during a brake application 
0°, 0°, Temperature at end of a braking period and value after n 
repeated applications at regular intervals respectively 
Oo himir Steady state value of 0” 
vu Poisson's ratio 
PiyP2 Density: drum material, lining material 


a Proportion, of total heat generated, which enters a drum 
& Angle of inclination of hill 
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untered, that is, conunuous brake applications to bring 
the vehicle to rest and intermittent braking to control 
vehicle speed in trafic and at bends or when travelling 
down hill. Consequently, the temperatures reached in each 
kind of braking must be determined. 

This can be done by calculating the amount of energy 
dissipated in the form of heat at the interface of drum 
ind lining and determining how the energy is shared 
between the contacting bodies. The problem then reduces 
to one of heat conduction through a solid, in the shape ol 
1 hollow cylinder—which can be developed into a slab 
and its solution permits calculation of the temperature 
reached during an individual brake application. A know- 
ledge of these temperatures in drum and lining, together 
with cooling losses from these bodies, can then be uulized 


to derive expressions tor ihe temperature rise in repeated 


braking at regular intervals. ‘The temperatures occurring 
in disc brakes can be derived in a similar manner by 
considering the heat fiow through a slab 


During intermittent braking, from a given iniual con 
dition of vehicle energy, the temperature attained depends 
mainly on the coefficient of heat transfer from the drum to 
the atmosphere and on the area of rubbing path inside the 
drum. If the heat transfer coefficient is known, or can be 
esumated, then by imposing a limiting temperature that it 
is desirable for the friction surface not to exceed, the area 
of braking path can be determined. Before can be 
done, patterns of driving behaviour over a journey must be 
considered and, in particular, the amount of energy likely to 
be dissipated in braking under the most severe conditions 
possible estimated. Thus random braking must be reduced 
to equivalent cyclic brake applications so that the designer 
can use the solutions obtained, to ensure that vehicle brakes 
in general will not overheat and cause a serious loss of brake 


this 


pertormance. 

This paper describes an invesugation of the temperatures 
developed in automobile braking. The problems considered 
are discussed under the following two main headings: 
Part I, Temperature reached in a single brake application 
to bring the vehicle to rest; and, Part II, Temperatures 
reached in general motoring. 


APPLICATION 
REST 


PART I—TEMPERATURES REACHED IN A SINGLE 
OF THE BRAKES, TO BRING THE VEHICLE TO 


Heat generated during braking 

In a single brake application, if a vehicle of weight P lb 
decelerates to rest at a uniform rate a ft/sec“, on a level 
road, under the action of the brakes, then ¢ sec after com- 
mencement of braking from an initial speed u ft/sec, the 
instantaneous speed is v—(u-— at) ft/sec. The total braking 
force acting on the vehicle is Pa/g lb wt, and the total 
instantaneous energy dissipated at the interface of drum and 
lining is Pav/g ft-lb/sec, where g is the acceleration due to 
gravity and is 32-2 ft/sec The heat generated at this rate 
of working is Pav/g} B.Th.U/sec, where } is the mech- 
anical equivalent of heat and is 778 ft-lb/B.Th.U 
Depending on the design of the vehicle, some proportion 
y of the total braking force will be transmitted to the front 
axle — y is generally 0-6 for an automobile and 0-4 for a 
lorry or public service vehicle. Thus, if ~ is the proportion 
of the heat generated that enters a drum, the heat inflow 
in B.Th.U/ft°-sec is 


yPav yPau a E t 
; =, N, (1—Mi 
AF ~DeAG at) FI -7! , 
into unit area of a front drum, and 
l—y)Pav o(1l—y)Pau a E’, t 
—-— t l11—=)=-N A 
IgA az yt) plz) 1— Mt 


to unit area of a rear drum. The inflow to the linings is 
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Fig. 1. Development of the problem of heat conduction during a single 
pplication of the brakes to bring the vehicle to rest. At the interface, 
1 thermal flux N,(1-Mt) enters the drum and N ,(1-Mt) enters the lining, 
5 indicated in the centre diagram—in the mathematical analysis, the 
curvature of the drum and lining is ignored. With regard to the diagram 


on the right, it is assumed that there is no loss to atmosphere at d,, and 
& i 


the heat flow problem finally reduces to one of conduction through 
nfinite slabs, of the drum and lining, between parallel boundaries 
l vPua a E, t 
t 1-=)=N,(1—Mr ieee 
2gA,j u 1 T/ 
for the front linings, and 
l—y)(l-¢ — a E t 
t)_-—(1 N's (1— Mt) 4) 
2gA.j 7 ) T \ 7) ; : 
for the rear linings. 
Here, A, represents the area swept out by the lining in 


the two drums, which are assumed to be of equal dimen- 


sions, and A, is the area of friction material in each drum. 


The quantity has been discussed by Newcomb,’ who 
derives the relationship 
l 
A. [Kp (>) 
a A (z, C 


where K, p, C refer to the thermal conductivity, density 
and specific heat respectively; suffixes 1 and 2 refer to the 
drum and lining material respectively. With conventional 
isbestos-resin friction materials sliding against cast iron, 

1/(1+0-09 A./A,) and «=0-95 when A, substends a 
total arc of lining of 220 deg, which is typical of brake 
linings. Hence, 95 per cent of the heat evolved during 
braking enters the drum. In a disc brake where A,/A, is 
generally about 1/9, the value of 0-99 so that the amount 
of heat transferred to a disc is approximately 1-04 times that 
entering a drum when braking from the same initial energy. 


The terms N, and M represent E,/T and a/u respec- 
tively, where E,=-yPu*/2gA, is the thermal equivalent, 
per unit drum area, of the energy imparted to the front 


drum, and in braking to rest u- aT where T is the duration 
of the brake application. The other values of N for the 
rear drums and linings have a similar interpretation. Thus, 
if T remains constant whilst the initial energy of the vehicle 


changes, the values N vary as the square of the initial speed 


- 
“ 
Fig. 2. Variation of the 
surface temperature #/E 
it the interior and exterior ; 
surfaces of the drum a? fe? 
juring 5, 10 and 15 sec f 
applications of the brake, 
/ 

each from identical initial fy / 
speeds, where d,—} in 

ify 

// 

‘l 
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Fig. 3, left. Interface and average temperatures of the drum plotted 
against time throughout a 10sec brake application, with drums of 


thickness 7% in, in and 3 in; in each instance the initial speed of the 


vehicle before application of the brakes was the same. Fig. 3a, right 
Variation with the time of the compressive stress f/f, at the friction 
faces of different drums during a 10 sec application of the brakes 


The expression given by equations 1-4 ignores the energy 
of the rotating parts of the vehicle, the work done due to 
wheel slip at the road-tyre surface, and the work done 
against windage and rolling resistance. The rotational 
energy could be included by addition of an appropriate 
mass to the weight of the vehicle — rotational energy is 
generally of the order of 5 per cent of the translational 
energy. Wheel slip depends on the decelerating force and 
the tyre coefficient, the latter being slightly dependent on 
speed. Grime and Giles* show that the percentage slip 
should not exceed 5 per cent for decelerations up to 0-4 g 
and can be ignored without serious error. An estimation 
of the deceleration due to windage and rolling resistance 
can be made by allowing the vehicle to come to a stand- 
sll from various speeds when out of gear on a level road 
and measuring the retardation with a_  decelerometer. 
Typical figures are 0-03 g and 0-05 g for a 10 h.p. car running 
from initial speeds of 30 m.p.h. and 60 m.p.h. respectively. 
To give the decelerations produced by the brake, this figure 
can be subtracted from measured decelerations. 


Braking down an incline 

If a vehicle is descending a long hill, of inclination 
under the action of gravity alone, the accelerating force 
down the incline is P sin # and, for the vehicle to maintain 
velocity v ft/sec, a constant braking force of 
lb must be applied to the wheels. Hence the 
v ft-lb/sec, and 


a steady 
P sin 
instantaneous energy dissipated is P sin 
in this case the heat inflow is 

N- g a 4 (6) 

2A,F 

into unit area of a front drum and 

ny eo 1— y)Pv sin fe 

~ 2AF vided 
into unit area of a rear drum 

Similar relationships hold for the heat input to the linings. 


Temperatures obtained in a single brake application 
Vehicle brake drums in general have radii of curvature 
which are large compared with their thickness and, 
consequently, only a small error is introduced in considering 
a drum to be developed into a flat rectangular plate and 
in neglecting edge effects, Fig. 1. At any stage during 
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braking, the rate at which heat enters the drum is 
N, (1— Mb) at unit area of the friction surface, whilst at the 
exterior surface of the drum, cooling losses to the atmo- 
sphere occur. However, Newcomb’ has shown that the 
heat loss by cooling is at the most about 3 per cent of the 
heat generated during a single brake application § and, 
therefore, can be ignored. Thus, the conduction of heat 
through a brake drum can be assumed to be one of linear 
flow through an infinite slab bounded by parallel planes. 
This heat problem has been sclved by Odier and Leutard’, 
Bannister*, Hasselgruber®, and Newcomb’® and the last 
author derives the following equations for determining the 
temperature rise #, that is, above ambient, at the interface 


of front drum and lining at any instant ¢ during a brake 
application of duration T: 
2: 1 oh “E 2 t 
ay a OE = —) in the range 0 <1<2 (8 
TRont (1 37 } i 1€ ge ) 
and 
f nk - ‘(1 = ) ' a"(y —- _m ™, in the range 
TK.d., | 27 3% 7 453,°T | 
2<1<T 9 
where K,/p.C, is the thermal diffusivity of the drum 


material of thickness d,. 

Strictly, these formulae only apply to drums when d, lies 
between ;%, and ; in, and the changeover value t~ 2 1s only 
approximate, but sufficiently accurate for practical purposes. 
The thicker the drum and the shorter the brake application 
the greater the range of time in a brake application in which 
equation (8) may be used to determine the temperature rise. 
An exact solution to the heat problem is given in the 
Appendix. 

These equations have been verified experimentally by 
Newcomb’ to within +10 per cent. Furthermore, during 
the course of a single brake application, the temperature 
(4.) of the exterior surface of the cylindrical part of the 
drum at any instant is given by 

bs 2E, | (} t ) ai“( ry 7d,* | 

“TRa\V 3T) GT! 36002 T} 

To illustrate the transient nature of the temperature varia- 
tions, Fig. 2 shows a plot of #/E, against 1 calculated from 
equations (8), (9) and (10), using the following data for a 
typical cast iron drum: d.—0-25in~ 0-0208 ft, K, =0-00739 
B.Th.U/ft-sec-deg F, p,— 4501b/ft?, C,—0-14 B.Th.U/Ib- 
deg F, «, — 0-000117 ft*/sec and T- 5, 10 and 15 sec. These 
curves indicate that in the early braking, an 


(10) 


stages of 


Fig. 4. Temperatures at the interface of the drum and lining during 5, 
10 and 15 sec applications, when drums of different materials are fitted 
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Fig. 5, left. Temperature rise A#/E, at the interface when the brake 
3 sec in a brake application of 5 sec. Fig. 6, centre 
A/N,* with t when a vehicle is braked at a constant speed down 


right 


7 unif 


of a small saloon car, brought to a standstill in different times from the poir 


extremely rapid increase in temperature occurs at the 
friction surface and, for the same E,, the initial gradient ts 
greatest for the shortest stopping time. Also, the tempera- 
ture attains a maximum near the end of the brake applica 


tion and this temperature #,,,, 18 given by the equation 


E. (1 7a." 
— Kal 907,°T u 
The subsequent fall in temperature after “,,,, 1s reached 


results from the vehicle speed having decreased sufficiently 
to cause the heat inflow to the drum to become less than 
the rate of conduction away from the friction surface. At 
the exterior surface of the drum, the temperature rises 
slowly at first but, as braking continues, it at 
increasing rate until, at the end of a brake application, little 
difference in temperature exists between the two surfaces 
of the drum. 

For comparison, the rate of increase in average tempera- 
ture 4... is also shown in Fig. 2, is determined 
from the expression 

t 
( N(1- Mr) dt 


rises an 


where 


Et (} 
sie K.d Tp,C da a 

in which it assumed that all the heat generated up to 

time t is uniformly distributed throughout the drum. This 

curve shows that the drum will attain uniform temperature 

when t=7 


- oO 


12 


1S 


very shortly after the stop, and its value 





equation (12) — is given by 
E 

w= a 
that is 

AR thermal equivalent of total K.E. imparted to drum 

thermal capacity of the drum 

Rear drum temperatures are calculated in a similar 
manner except that E, is replaced by FE’, in equations (8 
and (9). 

The effect of varying the drum thickness, when E, is the 
same for all these drums is illustrated in Fig. 3. These 


curves show the rubbing path and average drum tempera- 
tures throughout a 10 sec brake application, for drums of 
thicknesses of 3% in, } in and } ir, which are commonly used 
on modern automobiles. It can be seen that a thin brake 
drum will attain a high temperature on account of its small 
heat capacity and that the average temperature after braking 
is inversely proportional to the drum thickness. Further- 
more, the excess of surface temperature, relative to average 
temperature, decreases as the thickness decreases and 
consequently, the thermal stresses will be reduced by using 
thinner brake drums. 

Newcomb? shows that the compressive stress f at the 
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Variation of the interface temperature 
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Effect of initial speed on the temperature rise of the friction surface of the front brake 
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ipplicatior 





rubbing path in the axial and tangential direction of the 
drum is the same and ts given by 
ff 2t 21 t t 
f claret 1, 7 (1 | 
when ¢ is approximately less than 1-5 sec 
and f ; * : {1 7) oF when t 1-5 sec 
E.Yl 
where f TA 
Y — modulus of elasticity. 
1 — coefficient of linear expansion 
Poisson’s ratio 
Fig. 3a shows the variation with time of compressive 
stress f/f, at the rubbing path of a drum of thickness 
in, |} in and jin, when the duration of the brake applica- 


tion is 10 sec. These curves show that the maximum stress 
is proportional to the drum thickness. In a practical case, 
consider a car weighing 3,000 lb, having a drum swept area 


of 848in* with a drum thickness } in and made of cast 
iron, where Y = 1-8 « 10’ lb/in?, 0-26 and [=0-0000055 
per deg F. If this car is braked from 120 m.p.h. to rest in 


10 sec, corresponding to a rate of deceleration of 0-54 g, the 


maximum compressive stress as determined from the above 
equations is 21,500 Ib/in This figure is well below the 
compressive strength of cast iron and, therefore, under 


heavy duty applications the bulk stresses are unlikely to 
cause cracking or failure of the drum when uniform contact 
occurs between the drum and lining 

The effect of changing the thermal properties of the drum 
is shown in Fig. 4. Here °/E, is plotted against t for 5, 10 
and 15 sec applications, when drums of different materials, of 


thickness } in, are braked to rest; for the drums of 
aluminium and of copper, K, —0-0323 B.Th.U/ft-sec-deg F, 
C,—0-206 B.Th.U/Ib-deg F, 2,—0-00093]1 ft?/sec and 
K,=0-0625 B.Th.U/ft-sec-deg F, C,-—0-0914 B.Th.U/Ib- 
deg F, 0-001225 ft®/sec respectively. For comparison, 
temperatures for a cast iron drum are also shown, These 
curves indicate that copper, which has a high thermal 
conductivity, is useful in reducing the rate at which the 


interface temperature rises, particularly for brake applica- 
tions of short duration. However, its thermal capacity is 
slightly lower than that of iron so that, ultimately, a thin 
copper drum will attain a higher temperature than an iron 


drum. Likewise, with aluminium, which has a higher 
thermal conductivity than iron, there is a slightly lower 
rate of temperature rise after the start of braking, but 


eventually, because of its low thermal capacity, high thermal 
conductivity significant factor and aluminium 
attains a higher temperature than iron. 

The foregoing equations giving the temperature rise are 
based on braking the vehicle to a standstill. Generally the 


is a less 
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vehicle is braked from an initial velocity u to a final 
velocity U, with a duration of braking t, sec, where 
0 <t,<T. For the case where the brake is released before 
the vehicle comes to rest, the method of calculating the 
temperature has been considered by Bannister®. The results 
are best discussed for a typical application, for example, 
in respect of a brake that is released after 1, 2 and 3 sec, 
when the (total stopping time of a vehicle would be 5 sec, 
Fig. 5. The curves indicate that up to ¢, the interface 
temperature follows exactly the shape it would do when 
braking to rest. After t,, however, there is a rapid decrease 
in surface temperature, which levels off near t= T, that is, 
approaching what would be the total stopping time of the 
vehicle if it were allowed to come to a standstill at the 
same rate of deceleration. In these circumstances the final 
average temperature rise of a front drum in the absence of 
cooling is 





ryP(u* — U*) 
A§ -—-. — (14) 
4gA Fp Cc 
that is 
Ag thermal equivalent of total K.E. imparted to drum 


thermal capacity of the drum 

During an application, the friction surface of a brake 
lining is at the same temperature as that of the drum, as 
given by equations (8) and (9), but since the lining is a 
poor thermal conductor, there is a steep temperature 
gradient across it when braking commences. Consequently, 
heat will, therefore, be conducted slowly through the lining 
and then to the metal shoe, whose thermal capacity cannot 
be ignored, until the lining and shoe are at a uniform 
temperature 44’. This is reached some 5 to 10 sec after 
the end of the application, and 4¢’ is given by 
(1 —o)yPu? 
827 WV ( _—_— #689 60900900 CO60 905 00 23460048 8 SO6wR 
provided the heat loss in this time is negligible. The 
quantity W,C, is the combined thermal capacity of lining 
and shoe. Since much more heat goes into the drum than 
into the lining, because the thermal conductivity of the 
latter is so much smaller, the average temperature of the 
lining and shoe is less than that of the drum. The ratio 
AW’ to 46 is 

AW (1-7) A,C,p.d, 

46 ~ 2W.C, 
which has the value of approximately 0-2 for a typical brake 
assembly. Thus, in general, the average lining and shoe 
temperature is approximately one fifth that of the drum 
after one brake application. 

If the vehicle is travelling down a gradient and the brake 
is steadily applied to maintain a constant speed, then M--0 


AW 


Fig. 8. Effect of initial 
4 oa speed on the tempero- 
ture rise of the friction 
4 face of the brake drum 
of a high power car 
brought to a standstill 
in three different times 
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Fig.9. The temperature / / 
rise at the friction sur- 

face of the front brake 

drum of a high power / 
car brought to a stand- 4 
still in different times / 
from a_ high initial 

speed of 120 m.p.h 


Fig. 10. Friction surface 
temperature rise in the 
rear brake drum of a th 
public service vehicle 

brought to a standstill 

with brake applications 

of 3, 5 and 10 sec from —= 
initial speeds of 20 \ 
m.p.h. and of 30 m.p.h. i> ~ 


and from the previous equations the temperature of the 
rubbing path is 


ony lt rr,” 
6 aire in a Se (17) 
and 
2,.N,* d,? , 
a i am when t >2 (18) 


Fig. 6 shows the variation of 6/N,* with time for }in 
thick cast iron drum; initially the temperature varies as the 
square root of the time, and then it increases at a linear 
rate. This curve shows that in long brake applications down 
a hill the temperature may reach very high values and affect 
the brake performance. 


Temperatures attained in various types of vehicles and of 
brake applications 

The curves mentioned so far illustrate the 
characteristics of the formulae for obtaining the temperature 
rise at the rubbing path, but now, actual values of tempera- 
ture will be determined for different tvpes of vehicles braked 
from different initial energies. It is assumed that all the 
energy 1s dissipated in the form of heat at the brakes. The 
cases considered are the front drum temperatures in a small 
saloon car and in a high-power car, and the rear drum 
temperatures in a public service vehicle. 

In the front brake of a typical small saloon car of weight 
1,6241b, y=0-6, c+—0-95, d, = *% in=0-0156 ft and 
A,—0-191 ft?. When this car is braked from speeds of 
30 m.p.h. and 60 m.p.h. to rest, in times of 5, 10 and 15 sec, 
the temperatures at any instant during each stop, as calcu- 


general 


lated from equations (8) (9), are shown in Fig. 7. The 
temperatures attained for a high-power car of weight 
2,772 lb, yv—0-6, +—0-95, d,=0-0208 ft and A,=0.-59 ft?, 


when braked from 30, 60 and 120 m.p.h. in times of 5, 10 
and 15 seconds, are shown in Figs. 8 and 9. For the case 
of the fully laden public service vehicle of weight 12 tons, 
where 1— y—0-6, d,—0-0416 ft and A,=2-095 ft?, when the 
vehicle is braked from 20 to 30 m.p.h. to rest in times of 
5, 10 and 15 sec, the temperatures are shown in Fig. 10. 
The rates of decelerations corresponding to these speeds 
and times of braking are shown in Table I. Since the 
deceleration for most normal brake applications is approxi- 
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TABLE 1—Rates of deceleration at different speeds 








Speed, Deceleration, g 

m.p.h. 5 sec 10 sec 15 sec 
20 0-18 0-09 0-06 
30 0-27 0-135 0-09 
60 0-54 0-27 0-18 
120 1-08 0-54 0-36 











mately 0-1 g, most of the values in the Table are equivalent 
to emergency stops. 

These curves show that within two or three seconds, 
friction surface temperatures of over 400 deg F may be 
developed during braking at high speeds. Brakes of small 
cars can still attain high temperatures because of their thin 
brake drums, but in this case the low value of the maximum 
car speed will limit the temperature, which is not likely 
to be much in excess of 400 deg F in one application 
provided the braking path area, of present day vehicles, is 
not changed. However, with heavy, high power cars, 
temperatures can be produced that may cause physical 
changes in the brake components. It is also of interest 
that the effect of varying the rate of deceleration is to 
change the initial rate of increase in temperature but to 
cause little change in the maximum temperature. This is 
because the cooling losses in such a short time can be 
neglected. 

In the case of the public service vehicle, on account of its 
thick brake drums, equation (8) applies to the temperature 
rise for the whole of the duration of braking provided the 
stopping time is five seconds or less. In these short time 
applications the temperature increases rapidly and attains 
a maximum value halfway through the brake application 
ind, as shown by Odier'®, the value 4,,,.— 247, where 
‘y is the interface temperature rise at the end of the stop 
For long applications of the brakes, the behaviour in respect 
of # is similar to that for thin brake drums. 

If the high-power car is being steadily braked so as to 
maintain a constant speed of 30 m.p.h. down a 1 in 12 
incline for a distance of 0-75 mile, then the temperature 
variation with time of braking is as shown in Fig. 11. This 
curve shows that high temperatures in the region of 
500 deg F may be developed during continuous braking down 
long steep inclines 


Temperatures reached in different brakes—drum or disc 
The equations given previously apply to a drum type 
brake, but in view of the increasing use of disc brakes it 
is important to know whether a disc brake attains the same 
temperatures as a drum type when braking under identical 
conditions. As is well known, a disc brake consists of two 
blocks of friction material, or pads, which are pressed one 
against each side of a rotating annulus, usually made of 
ferrous material, the latter being rigidly attached to the 
vehicle whose motion is to be retarded. Thus, since there 
are two friction surfaces to 1 disc, if one applies the prin- 
ciple of symmetry and divides the disc into two, the heat 
problem becomes identical to that of a drum brake. Hence, 
if half the disc thickness is denoted by d, then equations 
(8) and (9) will still determine the friction surface tempera- 
ture except that E, is replaced by FE,* owing to the change 
in value of ~. As shown previously the value of ¢ for a 
typical disc brake is 1-04 that of a drum brake. Thus, for 
the same rubbing path area, the interface temperature rise 
in a single brake application is approximately 4 per cent 
higher than that of a drum brake, provided braking takes 
place under similar conditions. Experimental measure- 
ments of disc temperatures with a radiation pyrometer are 
shown in a paper by Newcomb!! and these results agree, 
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to within 15 per cent, with the theoretically calculated values 

The foregoing analysis ignores cooling losses but since, in 
a disc brake, a greater area of disc surface is exposed to the 
atmosphere than in a drum brake, it might be thought that 
this wili have a considerable effect on the temperature rise. 
Below a temperature of 600 deg C, cooling is mainly by 
convection and _ these have been considered by 
Newcomb!*, who concludes that the surface temperature in 
a single brake application will be reduced by approximately 
6 per cent in an air stream of high velocity. However, in 
modern practice most of the disc surface is shrouded by 
the wheel or by covers to prevent dust from the road surface 
contaminating the disc, so littl use is made of this 
idditional cooling area. ‘The overall effect is that both 
drum and disc brakes operate at much the same temperatures 
under comparable conditions 

By the use of cerametallic pads of higher heat conductivity 
than conventional materials, the heat transferred to the disc 
can be reduced to 0-95 for typical automotive pad sizes, 
and so will only reduce the surface temperature by approxi- 
mately 5 per cent; the effect of pad material is discussed 
by Newcomb!‘ 

The main advantage of disc 
that, at high temperatures, the disc 
pad, thus causing no loss in pedal travel and enabling the 
disc to operate at a higher temperature before thermal 
stresses and distortion become too pronounced. Another 
advantage is that, if the volume wear rate in a pad is the 
same as in a drum lining, the pad, since it is smaller in 
area, will exhibit a greater loss of thickness and this tends 
to prevent a build up of surface films on it 


losses 


brakes over drum brakes is 
expands towards the 


Comparison of cast iron with bimetallic brake drums 

In most automobiles the brake drums are of cast iron 
having a total carbon content of 3-00-3-5S0 per cent and 
0-5-0-8 per cent combined carbon, with some additions of 
chrome nickel and a fairly small percentage of Si and Mn, 
yielding a Brinell Hardness of 200-240. However, on racing 
ind many Continental and American cars, the brake drums 
are in many instances composed of two parts, an inner 
cvlinder which is thin and made of cast iron and a much 
thicker outer layer of light material with a high thermal 
conductivity, for example, aluminium alloy. The outer 
portion is generally finned. A cast iron layer is essential 
because of its resistance to scoring, maintenance of strength 
at elevated temperatures, stable coefficient of friction, ability 
to resist deformation, resistance to heat checking and long 
life in normal usage. The presence of the thick layer of 
high conductivity material causes heat to be conducted away 
more rapidly than with cast iron alone and, accordingly, the 
maximum temperature attained should be lower than with 
ordinary brake drums of the same weight. 

The problem of the flow of heat in a bimetallic drum is 
similar to that in a single medium, in that at one surface 
there exists a thermal flux N (1 — Mr) entering the cast iron 


Fig. 11 Temperature 

rise at the friction 

surface in the front y 
brake drum of a high , 
power car being braked / 
steadily down a 1 in 12 

gradient, while the J 
vehicle speed is main- 

tained at 30 m.p.h. for a 

distance of 0-75 miles ‘ iy 


293 








layer and that there is no flow of heat at the outer surface 
However, the presence of the interface of cast iron and 
aluminium affects the solution to the problem, because of 
the different thermal properties of the materials. This heat 
problem has been considered by Newcomb!'’, who derives 
in equations (13) and (14) of that paper a solution to permit 
calculation of the transient temperature at any depth in both 
media of the drum. 

A typical bimetallic drum has a cast iron layer of 0-1181 in 





A bi-metallic drum B cast iron drum of equivalent weight C cast iron drum 
of equivalent volume 

Fig. 12. Variations of #/E, at the interface of the drum and lining during 
5, 10 and 16 sec brake applications with different drums, as in the key 


(0-3 cm) and an aluminium layer of 0-4724 in (1-2 cm), with a 
thermal conductivity of 0-0323 B.Th.U/ft-sec-deg F, a 
density of 171 Ib/ft® and a specific heat of 0-206 B.Th.U 
lb-deg F. For a front bimetallic drum, values of the tem- 
perature rise //E, at the rubbing path have been determined 
from the above equations at various times during a 5, 10 
and 16 sec brake application to bring the vehicle to rest. 
These, together with values of #/E, at the interface of 
drum and lining, for a cast iron drum of equivalent weight 
and of equivalent volume to that of the bimetallic drum, 
are shown graphically in Fig. 12. 

The curves in Fig. 12 show that the maximum tempera- 
ture rise of a bimetallic drum is lower than that of a drum 
of equivalent weight made of cast iron. In particular, the 
advantage of using a bimetallic drum becomes more pro- 
nounced as the time of brake application increases, that is, 
when braking from higher initial speeds. For example, the 
ratios of the maximum temperatures reached by the cast iron 
drum to those of the bimetallic drum of equivalent weight 
are 1-13:1, 1-29:1 and 1-33:1 at 5, 10 and 16 sec stopping 
If a cast iron drum of equivalent volume 
to that of the bimetallic drum is used, a marked difference 
results; the cast iron drum reaches a lower maximum 
temperature, and this becomes more noticeable with increase 
in duration of the brake application. This is owing to the 
relative physical properties of the two metals: although the 
aluminium has a high thermal conductivity compared with 
cast iron, its thermal capacity—product of density and 
specific heat—is much lower and, consequently, the cast 
iron drum attains a lower average temperature. However, 
though the cast iron gains on an equal volume basis it must 
be emphasized that its weight will be approximately twice 
that of a bimetallic drum, and since this is unsprung weight, 
it is an important factor in respect of modern cars. especially 
racing cars. 

Thus, there is some advantage in using bimetallic drums, 


times respectively. 
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as opposed to cast iron drums, provided they are used on 
an equal weight basis. However, owing to the thermal 
expansion of aluminium being twice as great as that of cast 
iron, failure of the aluminium-iron bond may occur at high 
temperatures. These temperatures can be reduced to some 
extent by casting cooling fins in the aluminium body or 
alternatively casting the drum as an integral part of the 
wheel and ensuring adequate forced convection around the 
drum. At various depths inside the bimetallic drum steep 
temperature gradients still exist in the cast iron layer so that 
high thermal and surface cracking can still be 
encountered under adverse conditions. 


stresses 


CONCLUSIONS 


Part I 

i. Of the amount of heat generated during braking, with 
conventional materials, approximately 95 per cent goes 
to the drum, in drum brakes, and 99 per cent to the disc 
when disc brakes are employed. 

ii. Extremely rapid increases in temperature may be pro- 
duced during braking. With thin drums, the metal 
surrounding the rubbing path is almost at a uniform 
temperature at the end of the brake application and this 
value is not much lower than the maximum temperature 
reached during the application. 

iii. The effect of reducing the drum thickness during 
braking, with the same rubbing path size and initial 
vehicle energy, is to increase the maximum temperature 
reached but reduce the thermal stresses. The average 
temperature attained is inversely proportional to the 
drum thickness. 

iv. After one brake application, the uniform temperature of 
a brake lining and shoe is generally less than a fifth 
of that attained by the drum. 

v. A drum material having a2 high thermal conductivity will 
reduce the rate of increase in temperature at the friction 
surface in a single brake application, particularly when 
the braking time is of short duration. However, unless 
the thermal capacity is also high, the average tempera- 
ture attained will be high and, for this reason, cast iron 
is a better drum material than the high conductivity 
materials copper and aluminium. 

vi. Disc brekes operate at much the same temperatures as 
drum brakes provided the conditions are comparable, 
that is, the same area of rubbing path, the mean 
diameter of disc is equal to the internal drum diameter, 
the disc thickness is twice the drum thickness and each 
is braked from identical initial energies. 

vii. Bimetallic drums are useful in reducing the maximum 
temperature attained, as compared with cast iron drums 
of the same weight. For example, the ratio of the 
maximum temperature reached by the cast iron drum 
to that of the bimetallic drum of equivalent weight 
increases from 1-13:1 to 1-33:1 as the stopping time 
changes from 5 to 16 sec. However, it is inadvisable 
to use bimetallic drums above a certain temperature, 
becaus? of the differential rates of expansion of 
aluminium and cast iron. 


APPENDIX TO PART I 
Transient temperature rise at the friction surface 

The exact solution giving the temperature rise in a front 
drum at any time t throughout a brake application can be 
expressed in the following ways, the first, derived by 
Newcomb"*, stating that 


E,2,'/2 (21/° 2 a 4d, nd 
4A nae = 4 ase. 3 ierfc 1 
; eT) all 7 se Lean Gat 
1613/2 . nd, ) ‘ 
; .° on & (40) 
Tr — 1 rfc nf 1/2 ( 
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where i"erfcz | i"! erfcydy, n=1, 2,3 
9 


with Werfcz= erfcz— — | , 
si erf zif2 ext y)dy 
and the above functions are given in tabular form by Carslaw 


and Jaeger??. 


The other solution, due te Odier and Leutard’® and 
Hasselgruber®, is 
2E r t d t 1 d,' aX 
se J+ 5—I|1 | ; 
aK TU"! rT! a, | 1 45 2,°7 F 
— l nen 24.7 \N l 7 ee | 
> exp | } a exp| ——} 
a, - | 1° d “nt TT ow, nl d 
41 


Equation (40) is particularly suitable for thicker drums, 
since the series rapidly converges for higher values of 
d,/(2,t)' The solution (41) is more convenient for thin 
drums for, provided d,/(z,t)'/* is approximately less than 
1, that is, ¢ approximately greater than 2, the exponential 
series can be ignored. 

If the exponential series in equation (41) can be neglected, 
the maximum value of ¢ is 

nE (! 7a,* ) 42 


max Rx B) V 907.2T: 


ind if the error integral terms of equation (40) can be 
ignored, the maximum value of ¢ is 
Vana (43 
. K,1 
= Ps , ] 7 
The ratio of Z 1.06 1 5 ‘} 44 


max 
where A=d,/2,"/?T" Equation (44) has a minimum when 

15/7, that is, 41-21. Hence, for values of 1-21, 
“max exceeds #’,... ; when values of exceed 1-21, the 
simplified version of equation (41) becomes ¢ ».4.—% max 


Long Ferodo History 


FEW manufacturers of components can claim so long an 
association with the automobile industry as can Ferodo Ltd., 
the world-famous manufacturers of friction § materials 
Herbert Frood, the founder of the firm, began his experi- 
ments on these materials in 1897, with a view to improving 
the rudimentary brakes then fitted to horse-drawn vehicles 
Four years later, his first patent in this connection was 
accepted and manufacture of brake blocks began in Man- 
chester. In 1904, after a brief trial, the London General 
Omnibus Co. adopted Frood’s brake linings for its 
experimental motor buses. 

The next impertant step forward was made in 1908—by 
which time the company had moved to Chapel-en-le-Frith 
with the introduction of woven asbestos as a basis for friction 
linings. Asbestos-base materials were, of course, able to 
withstand far higher temperatures than could those previously 
used, which had a cotton base. Some four years afterwards, 
die-pressed linings were introduced. Early in World War I, 
intensive research resulted in the evolution of a new material, 
known as 9L, which combined good resistance to heat and 
oil with a physical strength considerably greater than that of 
Because of the war, and the difficult times 


its predecessors. 
made generally 


that followed, this material could not be 
available until 1922. 

During the next sixteen years, steady progress was made 
with woven friction linings; several new types were intro- 
duced as the demands made on brakes and clutches became 
more severe. Another milestone was reached in 1938, when 
moulded materials, of high performance, were first developed 
Again, war interfered with normal progress, and it was not 
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Brake Drums”, Engineering, Vol. 183, No. 4748, p. 304, 1957 

5. H. HASSELGRUBER: “Die Berechnung der Temperaturen an 
Reibungskupplungen”, Dissertation Techn. Hochschule, 
Aachen, 1953 
See also “Temperaturberechnungen fiir Mechanische Reibkup 
plungen”, Friedr. Vieweg and Sohn, Braunschweig 1959 

6. T. P. NEWCOMB: “The Flow of Heat in a Parallel-faced 
Infinite Solid”, Brit. 7. Appl. Phys., Vol. 9, p. 370, 1958 

7. T. P. NEWCOMB: “Flow of Heat in a Composite Solid”, Brit 
J. Appl. Phys., Vol. 10, ». 204, 1959 

8. T. P. NEWCOMB: “Transient Temperatures in Brake Drums 
and Linings”, Proc. I. Mech. E. (Automobile Division), 1959 

9. T. P. NEWCOMB: “Thermal Stresses in Brake Drums”, 
Engineering, Vol. 189, No. 4,899, p. 369, 1960 

10. J}. OpDIER: “Contribution a l'étude de Il'influence de la 
température sur les problémes de freinage”, C.R. Acad. Sci., 
Paris, Vol. 238, p. 1288, 1954 

11. T. P. NEWCOMB: “Transient Temperatures attained in Disc 
Rrakes”, Brit. 7. Appl. Phys., Vol. 10, p. 339, 1959 

12. T. P. NEWCOMB: “Temperatures reached in Disc Brakes”, 
Proc. I. Mech. E. (Automobile Division), to be published 

13. T. P. NEWCOMB: “Analysis of Brake Drum Temperatures in 
Racing Cars”, Engineering, Vol. 187, No. 4864, p. 709, 1959 

14. H. S. CARSLAW and J. C. JAEGER: “Conduction of Heat in 
Solids”, 2nd Ed., p. 485, Oxford, Clarendon Press, 1959 


Part II of this article, Temperatures Reached in General 
Motoring, will be in the next issue of Automobile Engineer 


was marketed for cars and 


until 1947 that this new type 
commercial vehicles 

With the advent of disc brakes, much effort has been 
devoted since 1953 to the development of satisfactory 


the requirements of these brakes differ 


materials for them 
Finality 


markedly, of course, from those of drum brakes 
has certainly not yet been reached in this particular field 
During the last few years, though, the drum brake has not 
been neglected, and last year the high-friction AM series 
These 


issue of 


of linings was introduced for commercial vehicles 


linings were described in the September 1959 
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Crankshaft Failure 


Report on the Fatigue Fracture of an Engine Crankshaft, the Journals of Which Had Been Surface 


Treated by Welding Deposition and Chromium Plating 





‘ 
Some reports on fatigue failures have been collected by 
the International Institute of Welding, of 32, Bd. de la 
Chapelle, Paris 18. Among them is one on the fatigue failure 
of the crankshaft of a large V-12 diesel engine with an 
output of 500 b.h.p. This crankshaft was a perfectly sound 
steel forging with a suitable grain structure. However, 
etching with iodine showed that the crankpin, where failure 
occurred, had been surface treated by welding deposition 
and subsequently chromium plated. The plating itself did 
not extend as far as the fracture area. A chemical analysis 
of the base metal in the vicinity of the fracture revealed the 
following content: C 0-36 per cent, Si 0-24 per cent, Mn 
1-16 per cent, Ni 0-84 per cent, Cr 0-07 per cent, Mo 0-04 per 
cent, S 0-032 per cent, P 0-021 per cent, and Cu 0-16 per cent. 

The fracture had originated at several points, all of which 
were on the fillet connecting the pin to the web at one end 
of number 3 crankpin. It was in a plane approximately 
parallel to the adjacent face of the crankweb. At this point 
the pin was completely severed, but there was also a crack 
at the other end of the same pin. The diameter of the pin 
was 65in. There was no perceptible deformation of the 
pin and the grain at the fracture was characteristic of 
progressive failure, without, however, being very fine. It is 
reported that there were no abnormal circumstances leading 
to the fracture, and, in particular, the alignment of the 
crankshaft was satisfactory. 

The broken crank, by virtue of its position in the central 
portion of the crankshaft, transmitted only a limited torque. 
However, the action of the connecting rod caused it to be 
loaded with a cyclic bending force of normal magnitude. 
The operational speed of the engine was 1,000 r.p.m., and 
complete fracture occurred at 114 hours of operation after 
the crankshaft had been taken from stock and put into 
service. The amplitude of stress was not measured. 

It is not known under what conditions the surface treat- 
ment was carried out. An examination showed that the 
deposition affected the whole of the surface of the pin and 
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Above The left-hand 
of these two illustra- 
tions shows the surface 
of the fracture, while 
the right-hand one is of 
the complete crank, 
with the fracture in a 
plane adjacent to the 
web F on the left 


The three illustrations 
on the right depict the 
differences in structure 
observed over the cross 
section of the pin of 
number 3 crank, as 
shown at the top of the 
opposite page The 
surface was mechan- 
ically polished, picral 
etched for 30 sec, and 
reproduced at a mag- 
nification 63 The 
structure in the upper 
diagram is that of the 
unaffected zone of par- 
ent metal; it is just 
possible to detect bands 
corresponding to the 
direction of forging 
grain. In the central 
diagram, the heat 
affected zone of the 
parent metal is at the 
top and the deposited 
metal at the bottom, 
while the lower diagram 
is of the surface zone 
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Of the two illustrations on the right, the left-hand one is a section 
through the crank throw E illustrated on the opposite page, and the 
other is of part of the throw F—the white areas ore the weld metal 


extended on to the fillets joining it to the webs. The thick- 
ness of metal deposited on the cylindrical surface after it 
was machined was about 0-177 in, but was less on the fillets. 

It is assumed that failure was caused by the combined 
effects of the stress concentration in the fillet and the 
weakening due to the surfacing. It is concluded that surface 
reclamation of shafts by welding deposition can cause a 
| 


significant reduction in the service life of a shaft subjected 


to dynamic stressing. Many other failures of this kind have 
been experienced, and in view of the magnitide of this 
problem, Commission XIII of the Institute has inaugurated 
a CO-Operalive investigation, with the object of obtaining a 
better understanding of the influence of surface deposition 


and of the various factors involved. Representative organ- 


izations in a number of countries are participating in the 
investigation, and eventually a joint report will be issued 





Plastics on American Fords 


’ 
SAVINGS of 30 per cent in component cost and 2-8 Ib 
in weight have been effected by the change from steel to 
linear polyethylene for the seat side shields of the American 
Ford 1960 cars. The linear form of polyethylene, or 
polythene as it is more commonly called in Britain, has the 
same chemical composition as the normal form but the 
molecular arrangement is more orderly. In consequence, 
most of its physical properties are superior to those of 
It is more dense, and its strength and 
also more resistant 
a higher 


ordinary polythene. 
rigidity are considerably higher; it is 
to solvents, is less permeable and has softening 
temperature. 

The brand used by Ford is Marlex, a product of Phillips 
Chemical Company, and development of the new side shields 
took ten months. They are produced by injection moulding 
and are stated to have the advantages over the 
superseded components: lower tooling 
better styling, reduced weight, and increased resistance to 
scuffing and denting. According to Ford, the potential 
styling benefit was the primary reason for the decision to 
investigate the use of plastics for this application, and linear 


following 


piece and costs, 


polythene was selected as the most suitable material 

In the making of the prototype parts, the benefits of 
convenience and economy became apparent. The samples 
were, in fact, produced by vacuum forming embossed sheet 
stock over plaster moulds, in which minor variations could 


readily be embodied. After the prototype tests proved 


The seat side shields of linear polythene fitted to 1960 Ford cars 
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successful, a production mould was made in seven wecks; 


1 further two weeks covered the making and testing of 
production prototype shields, 

For the following few months, a dual production pro- 
gramme was carried out on the 1960 components, to enable 
i comparison to be made between shields of metal and those 
of Marlex. This programme confirmed the economies 
effected by the use of the plastics material. The self- 
coloured, injection-moulded shields were made in a single 
operation, whereas those of steel required several manufac- 


turing followed by cleaning, priming and 
painting 

It is expected that Ford’s success with this relatively new 
material will encourage a rapid increase in its use by other 
companies. Marlex is already employed for minor com- 
ponents on 1960 Chevrolet, Chrysler and Mercury cars, and 
on Dodge trucks. It should not be thought, however, that 
the production and application of linear polythene is 
confined to the U.S.A. The material is also manufactured 
in this country and the desirability of using it for this type 
of application is at present being investigated by a number 


operations, 


of British vehicle manufacturers. 


Standard for Gear Hobs 


IT HAS recently been found necessary to revise the British 
Standard on gear hobs, first published in 1953. Part 1 of 
the revised standard, B.S.2062 : 1959, is now available, and 
is noteworthy in several respects. The specification covers 
the range of diametral pitches from 1 to 20 only, and the 
tooth form and pitches detailed are in accordance with the 
International Standards Organization’s recommendations 
R.53 and R.54. Also, a new high-precision hob, comparable 
with the grade AA for marine gear hobs, is included in the 
specification, since hobs of this degree of accuracy have 
been found necessary for producing the gears needed in a 
number of applications 

Recommended limiting dimensions for parallel arbors are 
given in an appendix, to enable the correct fit between hob 
and arbor to be obtained. Included with the tables of 
permissible errors are typical methods of testing, the presen- 
tation being similar to that adopted for the recently 
introduced British Standards for gem cutting tools. Copies 
of B.S.2062 : 1959 are obtainable, price 8s 6d each, from the 
British Standards Institution, Sales Branch, 2, Park Street, 
London, W.1. Postage is charged extra to non-subscribers. 
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Recent Publications 


Brief Reviews of Current Technical Books 


Basic Electricity 


London: THE TECHNICAL Press Ltp., 1 Justice Walk, 
Chelsea, S.W.3. 1959. 106}. Five volumes, price 12s. 6d. 
per volume, 55s. per set 

In this work are presented the essentials of a course devised 
some years ago at the request of the U.S. Navy, its five parts 
representing a course of technical training in basic electricity. 
A special, electronics training investigation team of the Royal 
Electrical and Mechanical Engineers undertook the work of 
adapting the original manuals to British usage and terminology, 
and the revised edition has been adopted as a basic work for the 
training of R.E.M.E. technicians. 

Some idea of the scope of the work can be obtained from its 
contents, which are as follows. Part 1 contains: What electricity 
is; How it is produced; Primary and secondary cells; Magnetism 
and magnetic fields; Current flow; Moving coil meter; Voltage; 
Resistance. In Part 2 the following are dealt with: What a circuit 
is; D.C. series circuits; Ohm’s law; Power in D.C. circuits; D.C. 
parallel circuits; Kirchhoff’s laws. The headings of the sections 
in Part 3 are: What alternating current is; Resistance, Inductance, 
Capacitance in A.C. circuits; Power in A.C. circuits. Part 4 has 
five sections entitled: R, L and C in series and parallel circuits; 
Lmpedance; Series and parallel resonance; Transformers; A.C. 
meters. In Part 5 there are only three sections: D.C. generators 
and motors; Alternators; A.C. motors. 


Seventh Symposium (International) on Combustion 


London: BUTTERWORTHS SCIENTIFIC PUBLICATIONS, 88 
Kingsway, W.C.2. 1959. 10} x 6}. 959 pp. Price £11 4s. ($28). 

At the invitation of the British Secton of The Combustion 
Institute, the Seventh Symposium (International) on Combustion 
was held in London and Oxford from 28th August to 3rd 
September 1958; the Institute of Fuel also collaborated in the 
organization of this Symposium. An cutcome has been the 
publication of this 959 page volume, which is a record of the 
papers and discussions. Although there were more than 324 
papers, it has only been possible to include about 200, because 
of limitations in respect of ume. 

It would be impossible to list all the papers within the small 
space available here. However, the subjects are dealt with under 
the following main headings: Mechanisms of combustion 
reactions; Spectroscopy of flames; Ionization in flames; Struc- 
ture and propogation of flames; Ignition and limits of inflam- 
mability; Interaction of flames and surfaces; Turbulence in 
flames; Combustion in practical flowing systems; Detonation 
and its initiation; Special fuels; Instrumentation in combustion 
research. Obviously, this work is of a highly specialized nature 
and will be of most use to those engaged in research, but it will 
be a useful work of reference to designers and others who are 
particularly interested in combustion phenomena 


Mechanics of Road Vehicles 


By W. Steeds, O.B.E., B.Sc., A.C.G.1, M.U.Mech.E. 
London: ILIFFE AND Sons’ LimitTep, Dorset House, 
Stamford Street, S.E.1. 1960. 8} 53. 287 pp. Price 35s. 


Although a number of books have been published on the 
principles of engine design, we cannot think of any earlier work 
representing an attempt to deal adequately with the application 
of the principles of mechanics to the other sectors of vehicle 
design and operation. The volume under review, therefore, is 
most useful and is bound to become accepted as a standard text- 
book. Many of the subjects that it covers have never before 
appeared in a book, although they have been dealt with from 
time to time in technical journals and published papers. The 
author scarcely needs any introduction, since his name has been 
associated with that of Prof. Newton in connection with the 
book “The Motor Vehicle”, which has been well known to 
automobile engineers for very many years. 

The subject matter has been chosen primarily for students 
who are working for Ordinary and Higher International 
Certificates or for the examinations of professional institutions 
or colleges of advanced technology. Its arrangement is such 
that only the basic principles of mechanics, simple algebra, 
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trigonometry and calculus are required for the first chapters, 
while more advanced mathematics 1s gradually introduced as the 
work proceeds. Throughout the work, the author has 
endeavoured to present the mathematics in an easily understand- 
able form. Although the book should prove to be most helpful 
to draughtsmen and junior designers of road vehicles, there is 
also much in it that will be of interest to established engineers. 

Following an introduction covering the elementary principles 
of mechanics, which is virtually a short revision course, there 
are chapters dealing with: the forces acting on a vehicle at rest; 
those arising from or producing linear and angular accelerations; 
and the forces and torques acting in both ordinary and epicyclic 
gearboxes and their components. Subsequently, the mechanics 
of vibrations and their application to vehicle suspension systems 
are discussed. Braking, the mechanical properties of pneumatic 
tyres and the directional stability of vehicles are dealt with in 
three more chapters. At the end of the book there is a selection 
of exercises, with answers, including some from examinations in 
automobile engineering. set by The Institution of Mechanical 
Engineers. 


Servicing Guide to British Motor Vehicles—Volume 5 


London: TRADER PUBLISHING Co. Ltp., Dorset House, 
Stamford Street, S.E.1. 1959. 11} 8}. 312 pp. Price 
67s. 6d. 


In the course of the decade of vehicle production spanned by 
the five volumes of “Servicing Guide to British Motor Vehicles”, 
a marked change has become apparent in the basic construction 
of vehicles of all types. Advanced designs at competitive prices 
have been made possible only by the grouping of vehicles into 
rationalized patterns, using the maximum number of common 
components. Following this crend there has come about a 
gradual transformation of the method of presenting servicing 
data. Proprietary components are now dealt with in a special 
section, and information on individual vehicles is concentrated 
upon features peculiar to the application rather than upon 
repetitive details of components common to a range of vehicles 

Throughout all these volumes, the same basic approach to 
vehicle service has been adhered to, using a logical analysis of 
the vehicle into major units accompanied by tables and special 
maintenance features. However, considerable development has 
taken place inside this framework, always with the aim of con- 
taining more and more information in the same space. To this 
end, in the articles in this volume, grouped tabular data are 
employed for quick reference, and exploded views of the major 
components are also given. The scope of the tables has been 
widened considerably and one page is devoted entirely to engine 
and electrical test and tune-up data. Because of this simple 
presentation of information it is believed that the contents of this 
volume can be comprehended by anybody interested in vehicle 
repair, while at the same time they are sufficiently detailed and 
penetrating to satisfy the needs of technicians, from the appren- 
tice to the professional engineer. 


Hydraulic Handbook: 2nd Edition 


Morden: TRADE AND TECHNICAL Press Limitep, Morden, 
Surrey. 1960. Price £5 10s. 

The immediate demand for the first edition of the “Hydraulic 
Handbook” obliged the publishers to produce this second edition 
within two years of the first. In the new edition the pattern of 
the first is closely followed, in respect of style and presentation 
of material and data, but a considerable amount of new informa- 
tion and technical matter not previously published has been 
added. The volume is divided into three main sections. By far 
the largest, the first section occupies over half of the work. It 
explains the basic principles of hydraulics, and goes on to survey 
the various items of equipment and components, from accu- 
mulators to valves, that go to make uv a hvdraulic system. 
Then it enumerates the applications of hydraulics to industries 
and end-products, such as those concerned with agriculture, 
aircraft, automobiles, locomotives, machine tools, presses, general 
engineering. mechanical handling and mining. 

Technical data in the form of circuits, charts and tables occuny 
nearly 250 pages of the second section. In this part of the 
book are 91 hydraulic and electro-hydraulic circuits, 126 tables 
with working examples. 23 nomograms, 23 charts, formulae, 
British Standard Snecifications. and American J.I.C. symbols, 
and it includes a hydraulic dictionary. The cshird and final 
section is a buvers’ guide comprising a trade names index, a 
classified list of suppliers of hydraulic equipment and com- 
ponents and an alvhabetical index of manufacturers with their 
addresses. The volume will be of value to designers and manu- 
facturers of cauipment incorporating hvdraulics, users and buyers 
of hvdraulically overated eauipment and machinery and to 
consulting engineers and technical and research personnel. 
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Jet Propulsion Engines 


London: OxForRD UNIVERSITY Press, Amen House, 
Warwick Square, E.C.4. U.S.A: PRINCETON UNIVERSITY 
PRESS. 195¥. 10x6}j. 799 pp. Price 140s. 


Wuring the past decade, rapia advances on problems asso- 
ciated with hign-speed flight have emphasized the need tor a 
comprehensive and competent treatment of the fundamental 
aspects of the aerodynamic and propulsion problems involved, 
together with a survey of the appropriate underlying basic 
sciences. The book under review is Volume XII of a series 
treaung in sequence the tollowing subjects: ciements of the 
properues of gases, liquids and solids; combustion processes ana 
chemical kimeucs; tundamentals ot gas dymamucs; viscous 
phenomena; turbulence; heat uranster; theoretical methods in 
high-speed acrodynamics; applicauons to wings, bodies and 
complete aircraft; mon-steaagy aerodynamics; principles of 
physical measurements; experimental methods in high-speed 
aerodynamics and combusuon; aerodynamic problems o: turbo- 
machines; the combination of aerodynamic and combustion 
principles in combustor design; and, finally, problems ot 
complete power plants. 

In Volume XII the principles and problems encountered in 
combining components to form a complete engine are considered. 
The secuion headings are as follows: Historical development of 
jet propulsion; Basic principles of jet propulsion; The turbojet 
engine; The turboprop engine; The ramjet engine; Intermittent 
jets; The liquid propellant rocket engine; Solid propellant 
rockets; The ram rocket; Jet rotors; Atomic energy in jet propul- 
sion; Future prospects of jet propulsion. ‘Lhis is a book of the 
highest standard and can be unhestitatingly recommended to 
professional engineers and advanced students 


The Structure of Metals: A Modern Conception 


Sons LimiTep, Stamford Street, 
118 pp. Price 25s. 

Ihe Institution of Metallurgists has 
held a refresher course for its members, during which four 
leading authorities survey the present state of knowledge in 
relation to a particular uspect ot metallurgy. Originally, these 
papers were republished in book form solely for the benefit 
ot Instutuuon members, but the information they contained was 
considered far too valuable for only a limited circulation. There- 
fore, in conjunction with the present publishers, it was arranged 
that all papers read at the refresher courses from 1956 onwards 
should be made available to a wider public. The response to 
the publication of the first two volumes under this scheme was 
most gratifying, and the publishers feel that the demand for this 
third volume will certainly be at least as satisfactory. 

Ihe theme of the 1958 refresher course was a review of some 
of the modern theories of the structure of metals. In the first 
paper Professor Raynor deals with developments that have 
taken place over the past twenty to thirty years in the electron 
theory of metals, and it concisely outlines modern concepts of 
this highly complex subject. Dr. Catterall, in the paper that 
follows, describes the experimental techniques that have been 
developed to test the theory and to establish such things as the 
width of the valence band, the shape of the density of states 
curves, the shape of the Fermi surface, the numbers and signs 
of charge carriers in electrical conduction, and the change of 
the foregoing properties with alloying. 

Professor A. G. Quarrell discusses the dislocation theory of 
plastic deformation, which has completely revolutionized thought 
ibout the structure and mechanical properties of metals. In 
the iinal paper, Dr. Nutting shows that this theory, at first 
received with some scepticism, has now been thoroughly justified 
by experiments, the techniques of which he describes The 
contents of the book are as follows: The electron structure of 
metals; Experimental aspects of the electron theory of metals; 
Dislocations in metals; Seeing dislocations. 


London: ILIFFE AND 
S.E.1. 1960. 8 j x 54. 
Every year since 1947 


Work Study 


By R. M. Currie, C.B.E., M.I.Mech.E., M.1.C.E , M.1.Prod.E. 
London: SiR ISAAC PITMAN AND Sons LtTp., Pitman House, 
Parker Street, Kingsway, W.C.2. 1960. 8}x54. 232 pp. 
Price 22s. 6d. 

Experience and knowledge gained by the author, especially 
since 1947 in I.C.1., has been used to good advantage in the 
preparation of this book on work study. The volume is based 
on a series of three booklets in the “Outline of Work Study” 
series previously published by the British Institute of Manage 
ment, but to expand the material contained in these booklets, 
extra chapters have been added. This work is intended to be 
basic rather than exhaustive, and, during its preparation, the 
author had in mind the requirements for Part II of the examina- 
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tion for Corporate Membership of the Institution of Mechanical 
Engineers, the examination of the Institution of Production 
Engineers, and that for entry to the Work Study Society 
However, the book is intended to appeal not only to examina 
tion students but also to other people, whether in industry or 
noi, desiring information on this subject It is intended 
primarily to provide a basis from which more specialized know 
ledge can be built up as required. The contents are as follows 
Historical, the pioneers; Productivity and work study; The 
human context of work study; Method study, introduction; 
Method study, select and record; Method study, examine; 
Method study, develop and submit; Method study, install and 
maintain; Work measurement, introduction; Time study, prin- 
ciples and procedure; Relaxation and contingency allowances; 
Synthesis from clemental data; Analytical estimating; Activity 


sampling; Target tumes for jobs; Unoccupied time (UT) and 
various allowances; Confirming work content and standard 
times; The work specification; Work study as a service to 


management 


Who's Who in the Motor Industry 


London: ‘TEMPLE Press LIMITED, Bowling Green Lane, 
E.C.l. 1960. 8} «55. 592 pp. Price 42s. 

the Fourth Edition of “Whos Who in the Motor Industry” 
incorporates many changes of appointments, company alignments, 
addresses and telephone numbers that have taken place in the 
industry since the previous edition was published. It offers an 
up-to-date and accurate source of imiormauion covering all 
secuons of the industry in Great Britain. Among the new 
features of the latest edition is a section on the motor industry 
abroad, in which are hsted the overseas subsidiary and associate 
companies of the British motor manufacturers, together with the 
names of their directors and chief executives. ‘lhe names and 
iddresses of competitions and racing managers are also included 
aS a new feature, together with a complete list of one-make car 
clubs 

The first part of the book covers 207 pages, and deals with 
various aspects of the motor industry; Part I] comprises 51 pages 
and gives the organizations and associations; in the next 14 
pages is a press guide; and, finally, there are 170 pages of 
biographies 


Elsevier's Automobile Dictionary 


Compiled by Ing. G. Schuurmans Stekhoven 
London: D. vAN NoSTRAND CoMPANY L1p., 358 Kensington 
High Street, W.14. 1960. 95 x6. 946 pp. Price £7 7s. 

In the basic table that comprises approximately the first three- 
quarters of this work there are 5,225 terms in English, each 
tollowed by the corresponding translations, in French, Italian, 
Spanish Portuguese, German, Russian and Japanese, ranged in 
columns across each double page. ‘The English list is in 
alphabetical order. Following this section are alphabetical lists 
for each of the seven languages other than English, with 
numerical keys to the basic English list. Therefore, it 1s possible, 
Starung from any one language, to translate rapidly into any ot 
the other seven. Official standardized terms are clearly indi 
cated, and divergence of usage between American and British 
English, European and Latin American Spanish, and European 
and Brazilian Portuguese, are clearly indicated. This is certainly 
one of the most useful technical dictionaries that it has been 
our pleasure to review. 


Small Gas Turbines and Free Piston Engines 


By A. W. Fudge, A.R.C.Sc., Wh.Sc., A.M.1.Mech.E. M.S.A.E 
London: CHAPMAN AND HALL Ltp., 37 Essex Street, W.C.2. 
1960. 8} x5}. 328 pp. Price 48s. 

This book covers gas turbines ranging from the smallest 
models, of 30 to 40 b.h.p, up to those developing about 1,000 
to 1,500 b.h.p. The emphasis, however, is on the medium 
output units. The whole range of engines includes the relatively 
simple smaller models, with a combined centrifugal compressor 
and axial or radial inflow turbine, the shaft of which is used 
for power take-off. Art the other end of the range are the larger, 
more complex, models developing more than 750 b.h.p. 


Typical examples of applications include portable and 
stationary power generating equipment, air compressors and 
centrifugal pumps, engines for light aircraft, including heli- 


copters, units for boosting the take-off power of piston engined 
aircraft, and many others. The list of contents is as follows: 
Some historical considerations; The simple gas turbine; Some 
theoretical considerations; Gas turbine efficiencies; Improving 
small gas turbine performance; Automobile gas turbines; The 
free piston-turbine engine; The combustion and fuel systems; 
Materials for gas turbines; Some typical gas turbine applications 
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New Plant 


Recent Developments in 


ry 

I O the range of automatic tube-bending machines built 
by Crippa Agostino, Italy, and marketed by the Addison 
Tool Co. Ltd., 28 Marshalsea Road, London, S.E.1, has been 
added a larger machine, designated Mediolanum 2. Its 
capacity for tubes bent cold and without filling is from 
25mm to 60mm diameter in ferrous material and 25 mm 
to 80mm in light alloy, in wall thicknesses from 0-5 mm to 
3-5 mm. On the standard machine, the minimum inner 
radius obtainable is twice the diameter of the tube and the 
maximum inner radius is 200mm, but for specific require- 
ments somewhat smaller and greater radii respectively can 
be specially provided. The angles of curvature are adjust- 
able up to 180 deg. Standard length is 8 ft, but other 
lengths can be provided on request. 

All the controls, including the rotation of the table, are 
actuated by hydraulic pressure which is distributed to the 
various component parts by means of a hydraulic distributor 
controlled electro-magnetically. Power is supplied by a 
10 h.p, 3-phase, 4-pole electric motor coupled to a high- 
pressure pump. Maximum working pressure is 60-80 atm. 
The machine is started up by a pedal switch, and the tube 
is clamped down and the rolls or slide are brought into 
contact automatically. A device for retracting the mandrel 
is synchronized with the automatic return of the machine 
to zero on the completion of operations and the unloading of 
the work. Datum stops are fitted on the graduated rotating 
table to obtain various angles of curvature on the same tube 
without removing it from the machine. 

Bending dies are easily interchangeable, and dies for 
bending two tubes simultaneously can also be supplied. 
The speed of bending may be adjusted as required and the 
provision of automatic safety devices precludes malfunction- 
ing of the machine and the risk of injury to the operator. 
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and Tools 


Production Equipment 


Centring and facing machine 

For many years centring and facing machines for use in 
the automobile manufacturing industry have been built by 
Adcock and Shipley Ltd., of Ash Street, Leicester. A 
recent example is a machine specially tooled and equipped 
to operate on a stub axle stamping in a floor-to-floor time 
of 45 sec. Two milling and drilling heads are mounted on 
a ribbed cast iron bed, with the work-holding slide mounted 
between them. Each head has separate milling and drilling 
spindles; that for milling having no feed movement while 
the drilling spindle has a sensitive hand feed. 

Hinged sheet-metal guards are provided for all tools. 
Guards over milling cutters can be lifted out of the way for 
tool changing, but those over the centre drills are auto- 
matically operated so that complete protection is ensured 
until the spindles are fed inwards by the hand levers. Then 
the guards are lifted to allow the drills to pass beneath. In 
the illustration, the guards are both shown in the operating 
The heads are adjustable on the bed to accom- 


position. 
14in from the 


modate variation of component length by 

minimum. 

The operational sequence is as follows: 

Load component into fixture and clamp 

Advance work cross slide by handwheel at rapid approach 

rate 

3. Engage automatic feed, which trips out when the milling 
operation is completed 

4. Return cross slide by handwheel to a dead stop at the 
front position 

5. Drill centres, using hand levers 

6. Release fixture clamp and unload component. 

Clamping or unclamping is effected by a control 

positioned to the right of the handwheel. This valve passes 


all te 


valve 


Automatic tube-bending machine 


T Co. Ltd.) 
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Centring and facing machine 


(Adcock and Shipley Ltd.) 


air to two cylinders. One acts directly to clamp the work 
against a suitably shaped location block and the other, 
through a rack and pinion gearing, turns a shaft with right- 
hand and left-hand threads to give a self-centring action to 
the jaws of a vice that clamps the stem of the component 
Coolant is supplied by an electric motor-driven pump 
mounted in the tank at the rear of the machine. Also located 
at the rear, at an accessible height, is the panel on which all 
the electrical equipment and connectors are mounted. By 
the provision of suitable work-holding fixtures, a wide 
variety of components can be handled on these machines 


Portable hacksaw machine 

Designed for use where its small size and portability 
are of advantage, this Braunstone hacksaw machine weighs 
280 1b, occupies floor space only approximately 2ft 61n 
x1ft 6in, and does not need to be bolted down to the 
floor. A }h.p, 3-phase, 50 c/s motor drives a 12 in heavy- 
duty blade at 150 stroke/min and the capacity is 4 in 
diameter at 90 deg. 

In operation it cuts on the back stroke. 
is provided on the forward stroke, to 
efficiency particularly when cutting thin tubes or sections 
The relief system is adjustable by means of a knurled screw 
on the oil tank. It is unscrewed about two turns to rapidly 
lower the overarm and returned to its original position for 
cutting. Should it be left unscrewed the dashpot will 
empty, but it can be immediately re-charged by 
raising of the overarm. 

The saw frame, fitted with Oilite bushes, runs on two 
guide rods on the overarm. Drive is by vee-belts, giving 


Hydraulic relief 


increase cutting 


a single 


a double reduction, and both the motor and the counter- 
shaft bracket are adjustable on slide rails. A suds pump 
and tank can be fitted if required. The machines are 


marketed by A. A. Jones and Shipman Ltd., Narborough 


Road South, Leicester. 


Double-blow, cold-heading machines 

The application of  single-blow machines is 
limited by their maximum Without 
incurring the risk of buckling, the greatest length of stock 
that can be upset by a single blow is 2-5 times its diameter 
Heads having a volume than 2-5 times the 
sectional area of the wire must be produced by two blows 
in a double-blow heading machine. Maschinenfabrik Peltzer 
and Ehlers, Krefeld, West Germany, have recently intro- 
duced a series of six high-speed, double-blow, cold-heading 
machines to handle material from in to jin diameter. 
The machine illustrated is the Model DKP/S6 which will 


heading 


upsetting capacity 


larger cross- 
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Peltzer and Ehlers double-blow, cold-heading machines 


Rockwe Mac € ( 


produce bolts or similar components with a maximum shank 
diameter of {in by lin long. Output is at rates up to 
200 pieces per minute 

This machine is driven by a 7-5 h.p. motor mounted on 
the machine The motor is coupled directly to a 
variable-speed drive which provides steplessly variable range 
from 1425 rev/min. Multiple vee belts transmit 
power to the large-diameter, heavy flywheel which is 
equipped with an effective foot brake for quickly stopping 
the machine after switching off the motor 

The material is taken from the coil through the adjustable 
rollers of the straightening device by power-driven feed rolls 
a quick-acting pressure release. 


base 


320 to 


which are provided with 
After being cut off to the required length, the blank is trans- 
ferred to the heading position, where the preforming punch 


pushes it into the die before exerting the full force of its 


Braunstone power hacksaw 
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blow. Simultaneously, the whole or part of the shank can 
be extruded to the diameter required. During the next 
revolution of the crankshaft, the finishing punch moves into 
position in front of the die and completes the heading 
operation by a single blow. The blank is then ejected from 
the die, an air jet assisting 1ts downward travel to the chute 
from which it falls clear of the machine and into a bin. 

A pressure lubrication system delivers oil to all the neces- 
sary points on the machine and surplus oil drains to a large 
tray contained within the machine base. The position of the 
punch block carrying the preforming and finishing punches 
is easily and quickly adjusted, and resetting of the machine 
for different wire diameters can be effected within a very 
short time. An inching button is included in the electrical 
controls to facilitate setting and adjustment. Rockwell 
Machine Tool Co. Ltd., Welsh Harp, Edgware Road, 
London, N.W.2, are the sole selling agents for these Peltzer 
Ehlers the United Kingdom. 


and machines in 


Power tool support 

More complex and heavier portable power tools are 
finding application on both production and assembly flow 
lines, and the increase in efficiency made possible can be 
fully realized only if their manoeuvrability is maintained 
without increasing stress and strain on the operators. The 
universal tool support manufactured by Vokes Genspring 
Ltd., Henley Park, Nr. Guildford, Surrey, was developed 
to provide this facility for such equipment as welding guns, 
multiple nut and stud runners, riveting tools, and grinding 
tools. 

Of simple design, the support needs no maintenance since 
there are few moving parts and all bearings are of the self- 
lubricating type. Angular movement is through 75 deg and 
thus a relatively short lever arm sweeps through a useful 
length of arc to give a substantial vertical deflection. The 
mounted horizontally to minimize 


supporting springs are 
With the standard 40 in lever arm 


the headroom occupied. 


Universal support for power tools 


ring Led.) 


(Vokes Genst 
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a deflection of 48 in is obtained and the support can meet 
requirements for any load from 1501b to 15lb. This is 
accomplished in three phases by altering the spring 
arrangement. In the first phase two concentric helical 
springs are used; in the second the outer spring; and in the 
third, the inner spring. In each case the specific load is set 
by means of a screwed adjuster. 

The outstanding feature of the support is its lightness of 
action. It can be adjusted to bring a tool to rest at any 
specific height required or to raise it to the uppermost 
position when it is released. In the application shown, 
carrying spotwelding equipment, the support effort is 
variable since when the gun is elevated the heavy cables 
impose a greater load. For convenience in varied welding 
operations, two supports can be suspended from a common 
The operator then has two different guns at his 
180 deg. 


carrier. 
disposal by swivelling the supports through 





Ball-type support blocks 


and Co. Ltd.) 


(Rubert 


Support blocks 

While vee blocks commercially produced to ordinary 
workshop standards are relatively cheap, precision blocks 
made to an accuracy of +0-0001 in must be specially 
selected and matched. So many factors are involved— 
squareness, flatness, angle of vee, position of vee, surface 
finish—that their cost is high. The finish of the contact 
faces must be exceptionally good to ensure that a com- 
ponent is not marked when it is revolved in the vee. 

Making use of the inherent accuracy of standard steel 
balls, Rubert and Co. Ltd., Demmings Road, Councillor 
Lane, Cheadle, Cheshire, have developed a support block 
that requires precise machining on only two parallel 
surfaces, the top and the bottom of the base, and con- 
sequently can be produced at a much more competitive 
price. The component is supported on four balls positively 
located on the top surface of the block by a slightly tapered 
retaining ring. Pairs of balls are separated by a spacer bar, 
giving in effect two different angles of vee in a single block 
which are selected by turning the block through 90 deg. 
This feature, of particular value when checking for lobing, 
enables a single pair of standard blocks to accommodate 
work from 0-0156in to 10-0in diameter. 

As the balls are hardened and polished they are easily 
cleaned and are not likely to retain foreign matter that 
would mark a component. When flat-sided components 
are supported there is less likelihood of matter being 
trapped on four ball contacts than on a plane surface. 
Should the balls eventually wear, as the result of checking 


Automobile Engineer, Fuly 1960 











long runs of a particular component, the retaining ring can 
be slackened off and the balls turned to bring new points 
of contact into position. In the case of very heavy com 
ponents which might suffer indentation by the balls, 
accurately machined flat shims are used to spread the load 
For use with parts of very soft metals, nylon balls can be 
substituted for steel balls. 

When used to support a workpiece during drilling, milling 
or jig-boring, a Rubert B-block, as it is termed, can be used 
to provide accurate indexing at 90 deg. Special blocks with 
more than four balls can be produced for indexing at other 
angles or multiples of angles 


Small precision lathe 

A universal instrument 
comprehensive range of attachments and equipment is now 
produced by the Ideal Machine Tool and Engineering Co 
Ltd., of Kingsland Road, London, E.8. It 1s made to the 
same high standards of precision as the maker’s 
established “Ime” watchmakers’ lathe Beds of 
different lengths are available, giving a capacity 
between centres of 12in and 16in. Centre 
the bed is 3 in and the maximum collet diameter is 0-5 in 

Of tool steel, precision ground and hard scraped, the 
v-shaped bed is mounted on two cast iron box supports 
The support at the headstock end accommodates the driving 
motor reversing switch. Headstock and _ tailstock are 
ground on a master bed to ensure accurate alignment. In 
the solid steel headstock the nickel-chrome steel spindle 
runs in high-carbon steel conical bearings which are adjust- 
able by means of a special nut. Both spindle and bearings 
are hardened, ground and lapped. Lubrication is by large, 
spring-loaded grease cups and the bearings are protected 
by dust covers and felt washers. 

On the face of the largest diameter of the three-diameter 
driving pulley 60 holes are provided for use in conjunction 
with an indexing attachment for dividing purposes 
American-type collets with external threads are used in the 
spindle and in the tailstock and are closed by draw-in bars 
operated by a large plastics knob. A collet closer can be 
fitted at the headstock and the can be 
equipped with a lever-type feed for drilling operations 


and toolmakers’ lathe, with a 


well- 
two 
work 


1eight above 


tailstock sleeve 


An adjustable depth bar, graduated to 0-04in is incor- 
porated to set up depth of drilling 
Each lathe is tested at a speed of 5,000 rev/min for 


eight hours, dismantled, cleaned, reassembled, and finally 
rigorously inspected. A test chart is issued with each tool 
Automatic punch presses 

Credited with high-speed 
accuracy, Swiss-built Bruderer precision punching presses 
in three sizes of 6-, 12-, and 20-ton capacity respectively 
are now marketed in Britain by the Press and Shear 
Machinery Co. Ltd., 172-178 Victoria Road, Acton, London, 
W.3. Basically, the design stems from that for a three- 
pillar die-set. The guide pillars are located, two at the 
front and one at the rear, at the points of an equilateral 
triangle, at the geometric centre of which is the thrust- 
point of the slide. Pillars are tempered, ground, and 
lapped, and the oil-well type slide bushes are of super- 
finished phosphor bronze. All the main bearings of rotary 
parts of the press are either double-row 
needle-roller bearings. 

Accuracy in the main bearings is a contributory factor 
to the consistent precision of the feeding device, the 
transport rollers of which are mounted en roller 
bearings. For a short feed up to about 1 in an accuracy of 
0-0005 in can be attained, while on long feeds up to the 
maximum of 6; 1n an accuracy of approximately 0-005 in 
can be expected. Feed length is steplessly variable and the 


performance and extreme 


single-row or 


also 
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Instrument and toolmakers’ lathe 


ideal Machine Tool and Engineering Co. Ltd.) 


normal range of strip widths for the three models is 1} in, 
2} in and 5! in, with thickness up to 10 S.W.G. Strip passage 
width between the pillars is about 6} in, with a maximum 
of 41n if symmetrical about the ram axis. Ram stroke is 
variable up to 1, in, the position of the slide on the ram 
is adjustable over 2 in, and the drive can be either in steps 
or steplessly variable up to 1,500 strokes/min 

rhe excellent alignment maintained by the triple-pillat 
guide system is conducive to long working life of the press 
Runs of 2) and 3 million components are commonly 
a regrind becomes necessary. 

A range of auxiliary equipment is available, including 
strip coil reels, winding-off reels, strippers, lubricators, and 
five-roll straighteners. In addition to standard strip feeds, 
special details for wires and profiles can be supplied 


tools. 


obtained before 


Bruderer precision punching press 


Pre 4 Shear Mach td 


ery Co. l 
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Cooling Fans 


Wilmot Breeden Range of Types and Sizes Adaptable to Meet the Requirements 


of all Vehicle Engine Cooling Installations 


Prope.ver-rvre fans in a varied range of patterns 
and sizes have been manufactured by Wilmot Breeden Ltd. 
for many years. In the smaller diameters their application 
is as radiator fans for petrol and diesel engines in both 
mobile and stationary service. Larger components are in 
demand for ventilation, cooling, heating, air circulation, and 
smoke or fume extraction. Technical resources, production 
capacity, and a skilled team of designers are grouped at the 
company’s new plant at Colley Lane, Bridgwater, Somerset 
Recently, an extensive programme of development has been 
undertaken and production has been reorganized. As a 
result, ranges of fans of various types and of proved pertor- 
mance have been standardized to meet all normal require- 
ments in the fields covered. Problems can be investigated 
and special designs prepared when specifically required 

One design series of fans is suitable for ducted installa- 
systems of engines. Their 
cover the requirements of 


tion in the coolant diesel 
respective delivery capacities 
commercial and passenger vehicle power units up to those 
for relatively large stationary generating sets. All are of 
a fabricated mild steel sheet construction. A pair of spider 
pressings spaced by an annular stiffening ring forms the 
hub and the separate blades, sandwiched between the arms 
of the spiders, are riveted in position. To achieve a measure 
of rationalization, each of the four sizes of spiders can 
accept a range of different blade lengths to give a total of 
five six-blade and fourteen eight-blade fans of from 15 in 
to 28 in diameter in increments of one inch 

Hubs can be bored, up to a designed maximum diameter, 
and the number and size of fixing bolt holes arranged to 
suit specific requirements. In every case the spider pressings 
are in 16 S.W.G. material, but blades and stiffening rings 
are in 18 S.W.G. in fans up to 19in diameter and in 
16 S.W.G. for fan diameters from 20 in to 28 in. The weight 
range is from 41b to 11-5 Ib. 

Standard fans are built for clockwise 
symmetrical about the hub so that they can be inverted on 
Designed 


rotation and are 


installation to reverse the direction of air flow 


Control room at the wind-tunnel test house 
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This 15 in fabricated fan is typical of a range from 10 in to 40 in diameter 
Dimensions relate to the 15 in to 19 in group 


maximum speeds of rotation are from 4,500 rev/min down 
min for fans from 15 in to 28 in diameter. All 
and over the same 


to 3,000 rev 
ire intended for ducted 
range of diameters the recommended tp clearance varies 
from 0-16 in to 0-24 in. 

Additional to the main range there are smaller and larger 
series of fans to the basic design; 10 in to 14 in diameter and 
29 in to 40 in diameter Variants of the 
standard design are designated as lightweight and as heavy- 
Lightweight units have mild steel spiders fitted 
In the case of 


installation, 


respectively. 


duty fans 
with blades of 16 S.W.G. aluminium alloy. 
a 24in diameter fan, weight is reduced from 101b to 61b 
10.0z, but blade angle is smaller and pressure, air volume, 
and speed characteristics are all lower than for the standard 
version. Heavy-duty fans have a greater blade angle than 
standard and are designed for conditions requiring a large- 
volume air flow. Here, again, steel spiders and aluminium 
alloy blades are used, but the spiders are of a different 
A spigot ring 1s 


pattern 'o provide a large diameter bore 
Taking a 


riveted to the hub assembly for reinforcement 
24in diameter fan again for example, weight is down from 
the standard 10 lb to 7 lb 60z 

The line drawing of the standard eight-blade fan of 15 in 
diameter is typical of the complete range, and the perfor- 
mance curves also relate to this particular unit. All curves 
have been corrected to standard air; that is, to air having 
a density of 0-07641b/ft® at 60 deg F and 30in Hg baro- 
metric pressure. Similar performance charts are available 
for each standard unit and intermediate values or perfor- 
mance under different conditions may be evaluated from 
the following equations : 

Providing the air density remains constant— 


\ olume (Q) varies directly 0.0 } 4 1) 
as the fan speed (N) )N, | 
Pressure (P) varies as the yp JN. |° 7 
square of the fan speed )N, | 
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Power absorbed (HP) varies 


, INI 
as the cube of the fan speed on = 08 iN 


1-SPa 
‘ 1 


Pressure gauge + pressure 


Air density varies with temperature, d where 


Pa~- absolute pressure in 1b/in 
barometric) and T~ absolute temperature (deg C 
If the air density (d speed and size (D 


73 deg 


is varied and the 


remain constant, then the volume of air remains constant 
Pressure varies directly p—p /%! 4 
as the relative density | d, | 
Power absorbed varies directly ,,,, , | ae | 

HI HI 

as the relative density ld 

When the fan diameter is varied, while speed and air 

density remain constant 
Volume varies as the cube oo! D ; 

) 

of the fan diameters - io 
Pressure varies as the square p | D, | 
of the fan diameters ip 
Power absorbed varies as the » op D, | 9 
fifth power of the fan diameter ip 
Obviously, equations (6), (7), and (8) can be applied only 
to fans that are geometrically similar For instance, the 


performance characteristics obtained from a fan having the 
spiders for the 15in-19in diameter group cannot be 
to predict the performance of a fan using the 
the 20in-23 in diameter group, nor for a 
at a different angle. 

The performance of each fan of 
in each type is evaluated in a wind tunnel 
intake 


used 
spiders tor 
fan having blades 
standardized diamete! 
irranged with 


readily interchangeabie throats, sections and di 


This test equipment is fully instrumented 
and remotely controlled from a full view of 
the fan under investigation and the driving motor. A chain 
mesh curtain suspended outside the control room window 
safeguards the test engineer without unduly obscuring the 
view. Drive to the fan shaft, through multiple vee belts, i 
steplessly variable and rotational speeds are indicated by a 


charge sections 


room giving a I 


A comprehensive range of tests 1s 


stroboscopic device 


ord far 


The wind tunnel at the Bridgwater plant 


ire cal 


— 
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All fans have an 
tests 


15 in diameter, eight-blade fan 
determined by wind-tunnel 


Performanc e curves for 


accurately calibrated performance, 


that each standardized fan has 
in accurately calibrated performance chart on record 
New thoroughly 


investigated in this test house before being accepted foi 


conducted in each case, so 


designs in course of development are 


tandardization and production. As a service to customers, 
fans of their own design can be tested to assess performance, 

iggest improvements, or recommend change to a proved 
design. Problems of excessive power absorption and noise 


can be studied and solutions sought 
installation, 


investigated in conjunction with specific fans 


General problems of 


radiator size, shape, and capacity can be 


Problems of noise are frequently encountered in vehicle 
installations, and may be of some consequence in so-called 
Objectionable levels commonly 

vibration 


quality cars noise arise 


from harmonic excited at certain engine speeds 


brated, developments are tested, and problems investigated 
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Eight-blade, 33 in diameter fan, representative of the larger series for 
stationary diesel engine installations and ventilating systems 


by a fan having a certain number of evenly pitched blades 
working in some proximity to a stay or structural member! 
on the chassis or bodywork. To circumvent such difficulties 
the firm has developed a number of fans, of different types, 
with the blade arrangement unequally pitched in order to 
break the harmonies. ‘Two such five-blade, asymmetrical 
fans are illustrated, one of the fabricated spider-hub type 
and one of the simpler pressed type. It is, of course, not 


invariably necessary in such cases to resort to an asymmet- 


Examples of the wide variety of standardized fans for vehicle engines 
strip material 
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Left, four- and six-blade single-pressing type 
Right, five-blade asymmetrical fans in fabricated and pressed sheet versions 


rical design. The removal of two blades from a standard 
six-blade or eight-blade fan of suitable diameter is often 
sufficient to reduce noise to an acceptable level. 

Cooling fans for the engines of cars in high production 
must be of light construction and necessarily of competi 
tively low cost. Wilmot Breeden manufacture two-, four-, 
five-, and six-blade fans pressed from mild steel strip or 
Considerable ingenuity 
suffness in the 
Usually 


plate in a wide range of diameters 
is displayed in obtaining the requisite 
pressings across the hub and blade root sections 
the blades are offset from the plane of the hub portion, 
which has no central bore but instead is pressed up into a 
fairly deep central boss. From this boss, tapering ribs 
extend across the hub, over the transition area, and finally 
run out on the blade portion. The construction admirably 
achieves its purposes but imposes a slight limitation on the 
arranzement of fixing bolt holes, necessitating a four-bolt 
fixing for two- and four-blade fans and a three-bolt layout 
for six-bladers 

Examples of fans manufactured from strip material are 
shown in two- and four-blade designs In the last 
mentioned unit the hub of the overlying two-blade member 
is formed with two additional ribs which nest over the ribs 
of the member below. a single sheet 
of material are shown in six-blade symmetrical and four- 
blade unevenly pitched versions. The five-blade asym- 
metrical model is built up of a two-blade and a three-blade 
To facilitate assembly 


Fans pressed from 


member nested together at the hub. 
and fixing in this instance the hub central boss is of much 
greater diameter and in it are provided the four fixing holes 

It is the policy of Wilmot Breeden Ltd. to develop and 
manufacture ranges of fans of different types, all of sound 
design and proved performance, to enable a selection to be 
made to meet requirements on a scientific rather than on 
an empirical basis. Complementary to this policy is the 
provision of facilities for the investigation of power absorp- 
tion, noise, and installation problems, and also the develop- 


ment of fans of special design for specific requirements 


Centre, fans produced from 
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Gauging Coiled Strip Material 


Mobile X-ray Thickness Gauge for Strips up to 54 in Wide on Slitting or Shearing Lines 


Ix rolling mill operations, non-contacting X-ray gauging 


equipment is used to measure the thickness of the sieel o1 
aluminium material being processed at speeds up to 
6,000 ft/min. Similar equipment is now available for 
incorporation in slitting and shearing lines for checking 


stock or warehoused coiled material before being passed into 
production. By the elimination of out-of-tolerance strip and 
rejects due to faulty material, it is claimed that production has 
in some instances been improved by as much as 30 per cent 

Thickness measurement of strip in up to 
54 in are made by passing a pencil-sized X-ray 
the material and collecting the transmitted 
receiver unit. All measurements are continuous, from side 
to side and end to end of the strip, and can be taken at 
high speeds up to the rate mentioned earlier. Energy 
collected in the receiver is converted into an electric signal 
which is used to display the thickness measurement on a dial 
and record it on a moving chart installed in a supervision 
console sited conveniently alongside the slitting machine 
Known as the XactRay, this gauging equipment was 
developed and is manufactured by the Weston Instrument 
Division of Daystrom Inc, of Murray Hill, New Jersey, 
U.S.A, and is marketed by the International Operations 
Group of Daystrom Inc, at Newark, New Jersey 

In practice, the thickness specifications of strip material 
may range from the usual commercial tolerance of approxi- 
mately plus or minus 10 per cent to tolerances as close as 
plus or minus a few per cent. The gauging equipment, 
therefore, has to be capable of indicating accurately, on an 
thickness variations of as much as 


widths 
beam througa 
energy in a 


coiled 


easily readable scale, 


XactRay gauge receiver unit traverses the wide strip as it is run throug! 


the slitting machine 
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Operator adjusts power source for X-ray gauging equipment installed on 
2 Ween slitting machine 


0-005 in or as little as 0-00004in. During slitting operations 
a strip record of thickness is made of all material. Each 
coil can be given a mean reading or, if required, the graph 
can be released with the coil to the production department 
By this means, it can be readily ascertained that the coil, 
of it, conforms to the stipulated tolerance 


or some part 
before work is commenced 
Previous practice was to take spot checks with a hand 


micrometer during processing. This was time-wasting and 
also largely ineffective, since a micrometer could check only 
a limited distance from each margin of the material. Rolling 
mill processes commonly produce a slight crown effect on 
the coil and, thus, there was no adequate method of 
determining the thickness of the mid-section until the strip 
was slit or cut. In addition to its accuracy and speed of 
measurement, an obvious advantage of the XactRay gauge is 
the ability to scan and record the thickness over the entire 
width and length of the strip before slitting or cutting 

The gauge measures and records the nominal thickness in 
multiples of 0-001 in and that value is centred on the meter 
from the nominal value, in 


Pius or minus deviations 
increments of 0-001 in, are indicated continuously on the 
meier and recorded on the moving chart. If significant 


portions of the strip are outside tolerance, automatic alarm 
signals are actuated, the machine is stopped and, if neces- 
sary, the coil is unloaded and another substituted. 

All setting of the gauging equipment is carried out by the 
machine operator. By simple dial adjustments he sets the 
gauge to the specified nominal thickness and to the tolerance 
limits and then begins slitting operations. Since no physical 
contacts are made and there are no moving parts in the 
gauging head there is virtually no wear. The X-ray tube is 
energized at so low a level that it lasts indefinitely without 
measurable deterioration, and maintenance of the equipment 
consists of an occasional electrical check-up 

The illustrations show the XactRay gauge installed on a 
Ween slitting machine in one of the stock-holding plants 
of the Coil Steel Corporation, of Cleveland, Ohio, U.S.A 
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LARGE LIGHT-ALLOY DIECASTINGS 


New Triulzi Machines of 1,500-ton and 2,200-ton Clamping Pressure Respectively, Built to 


Russian Order, for the Production of Automobile Components 


‘ 
Since the early years of the industry, the use of 
aluminium has been advocated for major structural com- 
ponents of engine and transmission units on account of its 
lower specific weight when compared with grey cast iron, 
the conventionally used material. Although its suitability 
for such duties was amply demonstrated in the rapid expan- 
sion of the aircraft engine industry during World War I, it 
made but litthe impact on the automobile industry in 
subsequent years. Many factors were responsible for the 
slow progress made by the attractive, lighter metal. It was 
more costly; less was known, in design office, foundry and 
machine shop, of its physical and mechanical properties; 
an indigenous supply of bauxite, the basic raw material, was 
lacking, as was water power for the economic generation of 
the electricity required for the conversion of bauxite; there 
was concern about the adequacy of supplies of the metal 
and also of the possibility of interruption of supplies; and 
compensatory advantages in respect of casting and machining 
processes were insufficient. One manufacturer of aluminium 
wheels for lorries advertised at that time in the Automobile 
Engineer to the effect that the higher initial cost was partly 
offset, at the end of the useful life of the component, by the 
higher scrap value of aluminium relative to that of cast steel 

Some of these factors have been eradicated and others 
are of lessened import. Higher cost, however, still remains, 
and is unlikely to be materially reduced in the foreseeable 


Light alloy engine block for 2,446 cm* automobile engine. Production 
rate is not less than twenty castings per hour 
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future since more energy is consumed specifically in the 
conversion of aluminium than of cast iron. The advent of 
mass production methods scarcely influenced the issue. If 
anything, it tended to increase the disparity between the 
costs of aluminium and iron as, before World War IT, the cost 
of material stood higher in relation to the cost of labour 





Produced on the Triulzi 1,500-ton clamping pressure machine, this bell 
housing casting in Alpax weighs 29-5 Ib 


Today, flow-production methods, transfer machining lines, 
and automation have radically changed the situation. Time 
has assumed prime importance and aluminium makes 
possible faster cycle times both in the foundry and on the 
machining line. 

Gravity or low-pressure, permanent-mould castings or 
pressure diecastings can be consistently held to closer limits 
Machining allowances can be reduced 
Fettling is 
As regards 


than sand castings. 
and the need for roughing cuts disappears. 
reduced to the simple cut-off of sprues. 
machining, cutting speeds are higher for aluminium than 
for cast iron. Machine can be lighter and faster 
running, occupy less space and require less power. Single 


tools 


cuts at faster cutting speeds can so reduce time on such 
operations as face milling that the to duplicate 
machines in order to obtain a reasonable cycle tume for a 
transfer machine line is obviated. As has already been 
reported,* a changeover from iron to aluminium 
presents the opportunity to shorten the length of a transfer 
machine line, saving valuable shop space and lessening 
power requirements. 

These advantages, which can adequately compensate for 
the higher cost of the metal, can best be realized by the 
pressure diecasting process. It has been used with marked 
success for motorcycle, scooter and outboard motor com- 
ponents but to date has found application only for minor 
The General Motors Corvair 


need 


cast 


components on automobiles. 


* Automobile Engineer, February. 1960 
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air-cooled cylinder block is a low-pressure casting. Apart 
from the general considerations, the main deterrent has 
been the size of motor car components. As the projected 
area of components is increased, so the total 
required to close the die parts rises and for items of the 
size of a four-cylinder or six-cylinder engine block truly 
massive machines are required. Such machines were not 
available in Europe, although one had been built in the 
U.S.A. 

A description of the range of diecasting machines manu- 
factured by the Italian firm of A. Triulzi, of Milan, has 
been given in an earlier issue.t| This included the largest 
machine, then newly introduced, which has a clamping 
pressure of 1,000 tons. About a year ago the firm received 
an order from Soviet Russia for machines of 1,500-ton and 
2,200-ton clamping pressure and also for the dies to produce 
on the respective machines a large bell housing for a tractor 
vehicle and a four-cylinder, water-cooled block casting for 
an automobile engine. In general, the machines follow the 
basic design of the standard 1,000-ton model, being of 
the cold-chamber, direct-locking, water-hydraulic type and 
provided with automatic metering and ladling equipment 
Dies are made by another Italian firm, Fonderpress Di 
Gamberini Tagliavini, of Bologna, specialists in such work 
and long associated with the Triulzi concern. The smaller 
of the two machines and its dies has already been proved 
and dispatched to Russia; the larger machine is approach- 
ing completion and will be delivered this autumn. 

The example of the bell housing casting illustrated was 


pressure 


+ Automohile Engineer, April, 195 


The 2,200-ton clamping pressure machine, with automat 


The phased casting process 





Left: speed-time diagram of 

ram movement. Right ee 

variation of pressure on a » ij i j 
time basis ' } 


a 4 
( | 


one of the test specimens produced in the Triulzi works. 
It is cast in Alpax (LM6) and the weight, with 
sprue and slug, is 29-5 lb, while the trimmed weight is 24 Ib. 
The projected area of the casting is 342 in“ and the ram 
diameter is 5-125in. An injection pressure of 84 tons 1s 
used, giving a pressure on the metal of approximately 
9,000 Ib/in*. The general section thickness of the casting is 
about 0-375 in. Production is at the rate of 30 shots per hour 

Overall dimensions of the machine, excluding the 
hydraulic pump and motor and a 220-gal accumulator, are 
28 ft 4in XK Sft X 8 ft 9in and the weight is about 50 tons. 
Water consumption is 16 gal per shot. Dimensions of the 
platens are 58-7 in wide and 66 in high, with a useful height 
between the machine tie bars of 44in. Maximum daylight 
between the platens is 65in and the stroke of the moving 
platen is 38-Sin. Normal working pressure is 2,130 1b/in‘ 
and the pressure on the metal can be from that value up 
to 28,400 lb/in*. 

It is reported that the four-cylinder engine block is for 
a 2-5 litre automobile engine. Presumably, this refers to 
the engine of the Volga car which in its current version 
with a cast iron block bore and stroke of 
92mm X92 mm giving a swept volume of 2,446cm’*. This 
unit has a compression ratio of 7-5:1, push-rod operated 
overhead valves, and a single downdraught carburettor. It 
has a maximum torque of 1301b-ft and develops 80 h.p. at 
4,000 r.p.m. 

A silicon alloy—reputedly 5 per cent silicon and 0-5 per 
cent copper—is used for the engine block diecasting, which 
gross 50-6 lb including sprue and slug 


as-cast 


has a 


has a weight of 


metering and ladling equipment, can handle aluminium charges of up to 99 Ib 
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When trimmed, the weight of the casting is reduced to 
41-8 lb. It is of the open type to accommodate detachable 
inset liners, as in the original cast iron version. The con- 
struction is stiffened by the bosses for the holding-down 
bolts, these bosses being continued down to the seatings of 
the main bearings, and is braced by the light alloy cylinder 
head casting. Despite its weight, the block casting does not 
tax the capacity of the machine which can handle a charge 
of metal up to 99lb in weight. The rate of production 
will, it is understood, be not less than 20 of these castings 
per hour. 

Details of the machine are impressive. Overall dimen- 
sions of the machine alone are 49 ft *7 ft x 13 ft high and its 
weight is approximately 100 tons. The hydraulic pump, 
driven by a 55 h.p. motor, delivers 27 gal/min and the 
recommended accumulator has a capacity of 666 gal. Con- 
sumption of water is 27 gal per shot. Platen size is 72-8 in 
wide by 76-7 in high; the clear height between the tie bars 
is 51-Sin. Working pressure is 2,1301b/in*, as on the 
smaller machine, and the injection force can be from 89 tons 
up to 225 tons. The force available for ejection is 35 tons. 
Minimum and maximum thicknesses of dies are 27-5 in and 


Post-Graduate Course in 


x Advanced School of Automobile Engineering, in asso- 
ciation with The College of Aeronautics, is being estab- 
lished at Cranfield, Bucks. The purpose of the school is to 
provide a course of studies in the application of science and 
technology in automobile engineering. As a result of 
continuous development, techniques of design, research and 
production of road vehicles have reached a very advanced 
stage; so, in order to obtain further improvements, a sound 
knowledge of scientific and engineering theories, together 
with an understanding of the economic and production 
problems involved, is required. At Cranfield the young 
automobile engineer will benefit not only from the teaching, 
but also from contact with men of similar status who are 
studying subjects such as aircraft design, propulsion, 
electronics and aerodynamics. 

The course will consist of lectures, laboratory demonstra- 
tions and individual research projects carried out under the 
supervision of members of the staff. Laboratory equipment 
will include test facilities for engines of all types, automatic 
transmission systems, brakes, tyres, radiators and shock 
absorbers. Handling qualities of full scale vehicles will be 
measured and the results so obtained compared with the 
theoretical performance. 

Each student will select a subject for investigation, which 
should include both theoretical analysis and experimental 
research. These subjects will be chosen in consultation 
with the staff, who will take into account the individual 
requirements of each student and bear in mind _ his 
experience and probable future specialization. The subjects 
of the lectures will include mathematics, digital and 
analogue computers, materials, vibrations, mechanics, 
applied elasticity, thermodynamics, fuel technology, lubrica- 
tion, economics of production, the human operator, safety 
considerations, vehicle stability and control, vehicle struc- 
tural design, engine design, transmission design and experi- 
mental methods. Students who complete the course and 
submit theses judged to be of satisfactory quality will be 
awarded the Diploma in Automobile Engineering, D.Au.E. 
Suitable theses will be published. 

The standard of entry is that of a university graduate 
or the holder of a Diploma in Technology. Candidates 
with other technical qualifications, including the Higher 
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7-25 in respectively and the moving platen has a stroke of 
59 in. 

On these large machines the casting process is phased in 
three stages to ensure the production of sound castings of 
even density. This phasing as it affects ramming speed and 
pressure on a time basis is shown in dimensionless graphs. 
On the speed-time graph the period from 0 to 1 indicates 
the initial slow movement of the ram which allows the 
evacuation of air from the injection sleeve. In the period 
from | to 2 the ram attains a higher speed, depending upon 
the characteristics of the casting. When point 2 is reached, 
the die cavity is virtually filled and thereafter, between 
points 2 and 3, the ram speed is decreased in order to 
obviate the production of flash. 

The pressure-time graph shows from 0 to 1 that the 
material is pressed with a specific force into the cavity of 
the die. In the second phase from point | to 2 the value of 
the preceding pressure is raised as the ram is advanced. 
When the cavity has been completely filled, at point 2, a 
higher final pressure is applied for the period from point 2 
to point 3; this increased pressure improves the density of 
the casting and its mechanical properties. 


Automobile Engineering 


National Diploma or Certificate, will be considered for 
admission on the results of an interview or, in certain cases, 
an examination : two years’ practical experience in industry 
is also normally required. The course will take place during 
the Autumn, Spring and Summer Terms of the academic 
year, and the dates of the terms for 1960-61 are respec- 
tively : 10th October to 16th December 1960, 16th January 
to 24th March 1961, and 24th April to 7th July 1961. For 
students who normally reside in the United Kingdom the 
tuition fee is £75, payable in advance, and the residence 
charge is at present £126 10s. This includes the cost of 
full board during the three terms, the rent of an individual 
study-bedroom, and the annual subscription to the 
Students’ Society. Students accepted for the course are 
eligible to make application for a grant from the Bursary 
Fund if they are not already financially supported by a 
sponsoring firm or institution. The school is administered 
by The College of Aeronautics, and candidates should apply 
for admission, preferably before Ist August 1960, to the 
Warden, The College of Aeronautics, Cranfield, Bucks. 


Russian Publication 


ONE of Russia’s leading technical monthly 
Vestmk Mashinostroeniya, is now available in fully trans- 
lated form under the title of Russian Engineering Fournal. 
The translation and publication is done by the Production 
Engineering Research Association of Great Britain. Each 
contains detailed information on current Russian 
developments in the fields of design, construction and 
manufacture. An indication of the wide field covered 1s 
given by the following brief selection from recent issues: 
automatic handling, tool wear in fine turning, ultrasonic 
transmitted by 


journals, 


issue 


machining, die-casting machines, power 
narrow vee-belts, plating magnesium alloys, electrolytic 
polishing, precision finishing of holes by ball rolling, 


pneumatic chucks, automation in car assembly, and high- 
frequency metallization. Details of the subscription rates 
for Russian Engineering Journal are obtainable from the 
Information Manager of the Production Engineering 
Research Association, at Melton Mowbray, Leicestershire. 
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Scene the television study of the future \lready Associated-Rediffusion commands an 
Time: today 1udience of over 8,000,000 Londoners. Studio s, 
Place Studio os our Vast, new television with its tar reaching technical advances and 
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ASSOCIATED-REDIFFUSION 


London's Television 
Associated-Rediffusion Ltd , Televisi n House, Kir | r n, W.C.2. Te HOLborn 7555 
also 61 Cornwall Street. Birminzham 2. Tel: Centr ji 


also Peter House, Oxford Street, Manchester 1. Tei 
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UNIT TYPE MACHINES 
fully engineered 


for high-output production 


Asquith Units from 4 h.p. upwards can be 
arranged as individual, multi-way, rotary 
transfer and in-line transfer machines for fast, 

automatic production. If you require large : 
quantity output of components at present 

produced on several machines, it will be 

worth investigating the possibility of 
machining them on an Asquith Unit Type 

Machine. Write today for details of the 

Asquith range of Unit Equipment or ask for 
a specialist to discuss your problem 






The illustrations show, top left, an Asquith 
Vertical Unit Machine to tap holes in a 
cylinder block joint face. Bottom right, an 
Asquith 14 station In-Line Transfer Machine 
for operations on Austin Seven Cylinder blocks. 


| WILLIAM ASQUITH LTD. 


HALIFAX - ENGLAND 


Member of the Asquith M 












Individual Head Machines 
Multi-Way Machines 

Rotary Table Transfer and 
In-Line Transfer Machines 


ales and Service for the British Isle 


DRUMMOND.-ASOQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 





KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Als 


algor 7224 & GLASGOW Phone : Centre! 0922 
A384 


Automobile Engineer, Fuly 1960 
y g 








ABRASIVE BELT 


MACHINES 





B. O. MORRIS LTD. - MORRISFLEX WORKS, BRITON ROAD - COVENTRY 
Telegrams : MORISFLEX, COVENTRY 


Telephone : 53333 (PBX) 


PRODUCT OF THE Mii GROUP 
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SLOW 


SLOW — QUIGK-QUICK 
SLOW 





If product flow goes quick, quick slow —then 
what you need is variable speed. 2400 bottles 
for gin — Gordon’s of course—reach this 
machine every hour, but there can be 3600. 
The gin is there, so the machine must bottle 
faster. How? Turn the handwheel and the 
Hainsworth pulley and V-belt move to the & f. 
right speed position automatically. Faster — 
slower —every few minutes if needed. 
Bottling, spinning, woodworking, packaging 
—give your production a tonic, and get 

the right speed for your need with... 


‘HAINSWORTH’ 


VARIABLE SPEED DRIVES 


















Send for Catalogue 100/19 
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THE 
CONTROLLER 
standard electric 


vivo | Js A» FENNER & CO LTD, HULL 


BELFAST BIRMINGHAM. BRADFORD BRISTOL BURNLEY CARDIFF GLASGOW 





THE PULLEY 
7 sizes available 
for drives 
up to 10H.P. 

















THE V-BELT 








Stocks carried in HULL LEEDS LEICESTER LIVERPOOL. LONDON. LUTON. MANCHESTER 


MIDDLESBROUGH NEWCASTLE NOTTINGHAM SHEFFIELD STOKE 


LARGEST MAKERS OF V-BELT DRIVES IN THE COMMONWEALTH 
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Dawson Automatic 


cylinder block Washer for ES 
AUSTIN 


the new 





ee 7 A 





se'7en 





The fully automatic Dawson machine illustrated 
is used to remove all cast iron swarf and cutting 
oils from the Austin Seven cylinder blocks 
before engine assembly. It is continuous in 
operation and handles up to 80 blocks per hour 
The blocks are carried through the machine 
intermittently, pausing at each cleaning station 
in accordance with a controlled time cycle. An 
important feature of the machine are the swing 
type hydraulically operated jetting boxes (patent 
applhied for) incorporated 1n the washing sections. 
Each of these has a main nozzle which is spring 





DEGREASING AND 
CLEANING PLANT 














pressed on the main oil bore gallery at each end 
of the cylinder block, making a liquid ught 
connection, Thus the gallery is positively flushed 
from both ends, the liquid passing through all 
subsidiary ducts before escaping from the block. 
In addition, these jet boxes have secondary 
nozzles accurately registered with all the bores 
and recesses at the ends of the cylinder 
blocks. 

This high precision cleaning plant is only one of 
the many Dawson machines installed in the 
Austin Seven production line. 


Sole Distributors 


DRUMMOND= ASQUITH LTD. 


King Edward House, New St.,Birmingham 
Tel. Midland 343! 


Manufacturers: DAWSON BROS. LTD., GOMERSAL, Near LEEDS. Tel. Cleckheaton 3422 (5 lines)} _ 





London Works: 406 Roding Lane South, Woodford Green, Essex. Telephone: Crescent 7777 (4 lines) 


Automobile Engineer, Fuly 1960 








make the 


Rirmat ht eet for et y of the Land-Rover 


The Land-Rover puts on Canadian armour 


aluminium cuts out unnecessary weight 
as it steps up its economy and efficiency 
ody as the 255,999 Land-Rovers before i he body is only two- e weight and lengthens its life 
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to repair if it is dented aoe : ages For further information write to: Alcan (U.K. 
paint longer and does not rust. If the ited. alumi n i he metal of Limited, Aluminium Canada House, 30 Berkeley 
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body is scratched the scratch will ni iny vital mponen n any cal Square, London, W.1. Telephone: Mayfair 9721. 


Britain's most widely used aluminium 


ALCAN ALUMINIUM 


ALCAN 


ALM iN vit Li mTES OF Canasa 








ALUMINIUM BRONZE CO.LTD. 
Wallows Lane Walsall Staffs. i Mite mats 


MORRIS S iil MINOR 


USE 


CLANCEY 


Sox VALVE GUIDES & ‘taces” TAPPETS 


SUPPLIED AS CASTINGS oe FULLY MACHINED 





mC “CLANCEY ‘L- BELLE VALE - TRO i 
TELEPHONE. ” CRADLEY HEATH - 69411- 2-3 
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Automotive Engineering Limited 
One of the Sheepbridge Engineering Group 
*Seeger Circlips are on the Rolls-Royce approved list 
The Green, Twickenham, Middlesex Telephone: Popesgrove 2206/9 Telegrams: Motif, Twickenham 
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Speetog PUSH PULL CLAMP 





This is the first Clamp > * 4 


designed to carry out 





Closed position for “ push” 
both * push’’ clamping clamping. Neat and compact. 


and ‘pull’ clamping 










without adjustments or 





re-fitting to the clamp 





itself. No nuts, bolts 
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or split pins to remove Sp pet = 

tae tt a roc) it 
for this dual-purpose —y ie Hig ee 
clamping. a Sw, | 











(7 rd Plan view of above. Reverse 
CE. (444 s¢” position for “pull” clamping. 
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VEREKER HOUSE , GRESSE ST., LONDON W.1. Museum 1039/1099. 
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are vou building a prototype! 


Then see our design staff first. They ( , 4 
will design your castings for maximum f > a > he WA 
strength, and at the same time Bad /\& Aa, J 


é XI LY? Z 

reduce complexity and cut costs. That / a” A Vi {\ 
way you’d get cheaper, more sound / = WARY! 

castings of guaranteed quality | ns (K 
and accuracy. Our technical teamwork rN LAS! o, 

can tackle a// your problems— = 
and solve them. 


CASTINGS FROM A FEW OUNCES 
TO 10 TONS... 





NON-FERROUS CASTINGS - HIGH-DUTY IRON CASTINGS 
PRECISION MACHINED BUSHES AND BEARINGS 


T. M. BIRKETT, BILLINGTON & NEWTON LTD 








HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 


Head Office: HANLEY, Phone: Stoke-on-Trent 22184/5/6/7. LONGPORT, Phone: NEWCASTLE, Staffs 51433/4. 
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or translation......- 





The results of Research and metallurgical 


skill ultimately find their way to the 
melter and furnace man in paper form. 
As one of the team, his 1s the inborn 
knowledge, his the manual skills, his the sixth 
stecl-sense that translates the test tube, 
the photomicrograph and the paper work into 
Shettield’s finest alloy steels 


© 


FIRTH. BROWN 


ALLOY STEELMAKERS - FORGEMASTERS~ STEEL FOUNDERS - HEAVY ENGINEERS 


THOS PIatH ‘ JOuN sR OWN LIMITES SHEFFIELO ENGLAND 
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INFRA-RED 
PAINT REPAIR 











Precision engineering at its best—skill in its 
most highly developed forms—backed by many 
years of experience and supported by extensive 
research facilities. 


When your specification calls for extreme 


LEEDS PISTON RING & ENGINEFRING CO., LTD. 


Leeds PSC Rs. -. 


Telephone 
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GENERAL ELECTRIC CoO. tre. 


accuracy, write to us and see how we can 
help you. 

Our specialities include: cast iron blades for 
rotary compressors and pumps, valve seat in- 


serts, ‘Tower’ brand tappets and miniature rings. 


Goodman i oe Hunslet, Leeds 10 


Telegrams ‘*Towerings Leeds Sie 
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How many minutes should it take to fix 100 nuts? 


* The accepted *time for assembling 1005 16” slotted nuts and split pins is 197 minutes. 

* Yet need it take as long? The job could be finished in exactly 40 minutes using 
Simmonds self-locking nuts. Forty minutes! A nett saving of over forty shillings on every 
hundred assemblies, if you reckon wages at 5 - an hour and overheads at 250”,,. 
Nvloc self-locking nuts save many companies thousands of pounds each year. 

x There are also technical and other advantages so why not callin Simmonds to carry out 
a completely thorough costing of your present assembly methods? 


* All times shown are based on “‘The Handbook of Standard Time Data for Machine 
Shops” by Haddon & Genger, published by, Thames & Hudson Limited, London 


time saved is money saved 


SIMMONDS SELF-LOCKING NUTS 





Ge 
SIMMONDS AEROCESSORIES LTD - TREFOREST - PONTYPRIDD - GLAMORGAN ty A member of the Firth Cleveland Group 


Branches Lonaon, Birmingham, Manchester, Glasgow, Stockholm, ¢ hagen. Ballarat. S Johannest 


ing, Amsterdam, Milan, New York, Mannhe’m end Brussels 
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“FULLER HORSEY 


SONS & CASSELL 
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i SHEFFORGE 
STEELS 


QUALITY STEELS 
FOR ALL INDUSTRIES 


WRITE FOR LITERATURE AND STOCK LIST 
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SHEFFIELD FORGE & ROLLING MILLS CO. LTD. 
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* H.T., in this instance, stands 
for High Tensile — High Tensile 


bolts from Lanarkshire which 


seta 


lead on 
H.T.” 


specify Lanarkshire H.T. bolts. Bolts offered on ‘immediate 
return’ delivery terms in R, T and V grades embracing 

45-75 tons range. Bolts ‘off-the-shelf’ in B.S. 1083 
(Whitworth and B.S.F.) and B.S. 1768 (Fine and Coarse) 

threads. And if you have a special design in mind 
Lanarkshire are the people to do it well, do it cheaply 


and do it quickly. 


stand no nonsense from the 
stresses and strains imposed by 
engine vibration, chassis flexing, 
body movement. If you want 


to anticipate the unexpected, 


DON’T CHASE BOLTS—trace them-- quickly —with the 
Lanarkshire Stock List on hand. Issued FREE every month, 


huvers tell us it's a great hoon in requisitioning. Ask to 


have your name put on the mailing list. 


LANARKSHIRE 


Bit & ® 


SOet Tt -| 03 





Hamilton, Lanarkshire, Scotland. Tel: Hamilton 1241/4 | 
| 
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Control 
Units 








All types of Remote Control Units 
are produced by Gills including 
Units made to manufacturers specific 
designs. Famous for twenty years 
for one reason only— 


they are probably the best. 


Cables Ltd 





PACKINGTON HALL WORKS - LICHFIELD ~ STAFFS 


Telephone: WHITTINGTON 264 & 285 “REMOTE”, LICHFIELD 


= RI 


Telegrams 
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This is 
 Tecalemit 
isnt it’? 


Tr ALEMIT— LUBRICATION, ul "ou he Aston-Martin, Ford, Jaguar and Rover use a 
I great deal of Tecalemit extruded nylon piping 


i 


recalemit targ nd arrow sign ak ! ! 
3. pi for fuel lines and vent pipes 


But Tecalemit are famous for oll firing 
} 


Ss. oil dispensers m ssors hing’: 
1 out of the automotive field 


tf oO 
rickworks and kilns. Much tidie1 


To ‘ e 7 ‘ 
atlas ' 2 Oil firing: i ikes you ou 
of coal and slag 


Tecalemit, right down 
So it’s simple: Tecalemit ; ids r Lu 
But Tecalemit stands for filtration ickwo f course: no heaps 

st pi ins, control panels, high efficiency and 
dustry 


In spite of high compressions, ’ ling 
and higher speeds, modern « engine rings in lov : il firing is becoming ¢ lajor ind 
tolerate almost anything ! 4 ) in lf | Tecalemit one of its most 
foreign bodies oil prominent names 


But Tecalemit make a thousand other things 
se reels, lifts, 


an oil filter elemen onishing efficien 
ers Hl I power pumps, h 
itomatic and 


Most leading British eng Grease guns, | 
Tecalemit oil filters and so recommend sprave washing units o 
Tec-elemen is replacements. Sound advice ; wchinerv and 
But Tecalemit make precision nylon piping too \ ( hassis el reathers and 
Nylon piping for automotive uses was once merely ibbon nents st ail ri yn at lowest 
i Good Idea. If only 4 use it, would b 1 fact,an amazing number of things that 
l ielp ke ~ and automotive machinery 
ted, controlled, raised, 


heap, vibra n! ant ! ipple 
ild it be . pl red, connected 


chemically inert and so on 


precision limits”? Tt emit f 1d 
\ id lubricated. For of course 


produced t 
Tecalemit 


the answer—a resounding and ex ‘ echni 
\us ands fo ibrication 


triumph. Nowadays such g 


the Authority on Lubrication 


wT 


Tecalemit Limited - Plymouth - Devon 
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SHIMWELL’S ‘LONDON’ KNYGHTS... 


x Kayght to remember 


It was a darke and stormie Knyght 
(And rane cayme downe in torents) 
All ‘London’-clad hys ladie tayre 

Dvd rescue, from that Foule Knyght’s lare 


(Who's cote Was rusted past re pavre ) 


then. ‘London’ warents ! 


byvne prase, 





ne A & 
iA ha 
wid \ \ 4 ‘o \« 4 
ject! \ oO 
eae L—| 
- ay se 
re wth * i a \ LA 
, J 
ya Mon, 1 
yes ag 
pees 
bat ANI u 
al til 
) ' hem 
a ed? a |i 
peor ys 
\ garded \ , ” 
a * a four-ar wenty page 
Orochur giving tull de 
ma” 
_——— SH perties and some of the 
Fs endle pplication f 


jon’ Brand sheets 


Lon 
re} will be sent gratis n 
SHIMWELL & C®? LTP &:< 
WELLINGTON ROAD, LEYTON, WD 
LONDON, E.10. LEYTONSTONE 2281-8 One On: 





$/50 
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awk 


ENGINEERING CO. LTD. 
COVENTRY orone: coventry seca End Facing and Centring 


nig Tools for High Production 


t 





MULTIPLE DRILL HEADS 


Hey Multiple Spindle Drill Heads convert 
Standard Drilling and Boring Machines to High 
Production Machines permitting drilling of all 
holes in a component simultaneously, with 
production rates equal to those obtainable on 
expensive special purpose machines 

Compact design reduces to a minimum, distance 
from drill head to machine spindle. whilst careful 
selecuon of material ensures an extremely efficient 
light weight head. 

Heads are available with any 
covering a wide range of sizes 
MAXIMUM PRODUCTION ON DRILLING, REAMING, 
TAPPING AND SPOT 
FACING OPERATIONS 


number of spindles, 












e also manufacture Rotary 
Cam and Profile Milling 
Machines, Short Thread Milling 
Machines, Gear Tooth Rounding 
Machines, Tapping Machines, 


Machines, Special Machine 








NRP 1598 








A USEFUL BOOK FOR GARAGE 
PROPRIETORS AND MANAGERS 


AUTOMOBILE 
EFFICIENCY 


By E. T. Lawson Helme, A.M.A.E.T., A.M.1.M.1. 


The author of this book claims that a possible outlet for 
new business lies in developing an organised service of 
engine tuning and testing. This service may comprise a 
reception department, a self-contained engine tuning and 
maintenance department, and a test service for checking the 
entire installation of any vehicle. The book gives practical 
advice on the organisation of such a service and explains how 
to bring it before the public by means of publicity and 


advertising schemes. 
10s. 6d. met By post 11s. 3d 


Obtainable at al! booksellers. Put 


TRADER PUBLISHING CO., LIMITED, 
DORSET HOUSE, STAMFORD ST., LONDON, S.E.1 
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In 1897 we | yht out the tirs olroyd screw-thread milling machine. 
Three Vears | erit wor rf } ed ris I \hibition, loday. it can be 


ce Museum, London 


ROTOR-MAKING GROWS UP 


The modern rotor, whicl olroyd have done so much to perfect, is the logical development of 
the screw-thread. The accuracy and ease wi ich helical rotors can now be produced 
on Holrovd machines has done HKvance the design of compressors, blowers and metering 
pumps. We can undertake to make ! te ace v. or if vou want to make your own 
we can supply you with a machine complete with testing quipment and special cutter finishing 


machine. The top limit is 32° diameter and 5 face width o ~ 


I Ha ! { rotor 
JOHN HOLROYD & CO. LTD * MILNROW * LANCASHIRE 
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ERECTION OF 
CONSTRUCTIONAL 
STEELWORK 


Here is a thoroughly practical text-book covering every stage of operations in the 





A text-book 

for students and 
junior 

site engineers 


erection of steelwork for buildings and bridges. 
the 
CONSTRUCTIONAL STEELWORK SHOP PRACTICE has been produced under the direction 
of the British Constructional 
perienced in steelwork erection and in dealing with the many particular problems 
By special arrangement with the B.C.S.A. the price has been kept down 
to that of its companion volume in spite of the greater number of pages and the 


a large number of 


involved. 


BY THOMAS BARRON 
A.M.I.STRUCT.E., A.M.INST.W. 


from leading booksellers < 55” 240 pp. 


Published by ILIFFE AND SONS LIMITED - DORSET HOUSE - 


increase in printing costs. 
engineers for whom it is primarily intended. 


illustrated. 


Containing photographs, tables and 


author’s own drawings, this companion volume to 


Steelwork Association. The author is widely ex- 


It is thus well within reach of students and junior site 


15s. net. by post 16s. 1d 


STAMFORD ST - LONDON - S.E.1 





Have you 
A PRESSING 
PROBLEM?. 














Accuracy, good finish, consis- 
tent high quality these come 
naturally with Sutcliffe Speakman 
ee hot pressings and stampings. 
B Machining can be undertaken to 

limits down to .0005". No quan- 
tity is too large, no job too comp- 
B licated, no standard too exacting. 


Pressings and stampings in 
non-ferrous alloys including alu- 
minium, brass, chromium-copper, 
cadmium-copper, manganese 
bronze and nickel silver. Castings 
in gun-metal, phosphor bronze 
and heat-resisting nickel chrome 
alloys. 


. ask 


Eo on SE SS 


SPEAKMAN 





Tel: Leigh 94. 
Abbey 3085. 


SUTCLIFFE SPEAKMAN & CO. LTD., Leigh, Lancashire. 
London Office: 2 Caxton St., Westminster, SW .1 Tel: 


9? 


| 


SAFE! 


THE ORIGINAL 
SYNCHRONIZING 
DUAL CONTROL 
VALVE LV 207 

FOR VACUUM 
TRAILER BRAKES 








%* Foot only 
* Hand only a ee 
%* or both 

L__eEnY | & JOMNSC \O =~ P 
MANUFACTURERS 
OF VACUUM 

© Yes 
POWER BRAKE 
EQUIPMENT- cr ~~ 


= 
FEENY & JOHNSON LTD. 


WEMBLEY, MIDDLESEX. WEM: 4801 & 4802 


and Hand Controls 


for Disabled Drivers 
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P 400 Hobbing Machine for 
Automobile and Tractor Gears 











“nn 


| 


| 
| 


/ 























Pfauter Hobbing, combined 
with Climb and Ultra-Speed Hobbing, 


with greater 


Diagonal 
gives faster production 
accuracy, better surface finish and longer 
hob life. 

WE WILL PROVE THIS TO YOU! 























RS 3V Hobbing Machine for large = 
Transmission and Turbine Gears ——————— 

































































Ougual | 


There’s one 


y}) 


Ui 


WY," I 


MY iY My ft 
Ui pit 


TEE 


cso 





to meet Yout 


ntti —— 


R_ 16 Hobbing Machine for 


Instrument Gears (enlarged view of head) 


MANUFACTURING PROGRAMME 
Vertical Work Mounting 
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WA \O (eT TON 


ASSOCIATES LIMITED 


Midland Office and Demonstration Dept 





1960 


Trent Works 























4 QUEEN STREET 
LONDON, W.1. 


Model Max. Gear Max. Gear Max 
_ dia. in width in D.P 
R16 3 223 26 
RSOO 10/6 7 17/10 
P250 10/8 63 10/6 
DRA duplex 10 8 3 
P400 16 12 a 
P500 20 15 3 
RSIV 30 124 3 
P900 35 18 3 
P1250 49 23 | 2 
RS3V 72/47 25 23/13 
P1800 72 294 | 14 
P2500 100 295 | 14 
_ Horizontal Work Mounting _ 
| sacemesininenemniansagnetat , 
P160 6; 154 . 
RS9IK 115 | 283 24 
F Worm and Thread Milling Machine 
SF1 114 283 14 
2 
CURZON STREET x 
Telephone: GROsvenor 8362-5 a 
« 





Wilford Crescent, Nottingham. Telephone 


Nottingham 88008 
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STRIP GETS OFF TO A 
CLEAN START 


HABERSHON STEEL 







Before any slab of steel is selected for hot rolling 
into Habershon strip, it is subjected to ‘‘wheel- 
This high-velocity bombardment not 







abrating”. 
only cleans off rust and scale, but it clearly reveals 







any surface faults in the metal. 






The photograph clearly shows the effect of this 






preliminary process, by which Habershon’s 
ensure that their strip is right—right from the start. 


= Kabershon.:.. 


(STAINLESS ALLOY & CARBON QUALITIES) 









means quality in quantity 















ROTHERHAM 





HABERSHON & SONS LTD., 


Telephone’ 2081 (6 lines) 















Works Ange Road Edmonton N18 
Tel: Edmonton S081 








Enterprise 











Paradise Street, |. Tel: Midland 1966 
OA/5400 





Daimler House 












SHAPED FOR 
PARTICULAR NEEDS 


The variety of shapes within 
an orchestra is not unfamiliar 
but the shapes demanded 
by modern industry are often | 
extraordinary. For all shapes 

and specifications, Aston | 
nevertheless guarantee the 

highest accuracy and quality 


in all their presswork 

in brass, bronze, copper, 

aluminium, or tin plate. | THE B R i T i Ss H 
WIRE THREAD INSERT 


A —— product which is the answer 
to your thread problems. The Cross wire 

“an ti. Gn thread insert is made in high carbon steel, 
id ’ 4 hardened and tempered. These inserts 
Phone: COMBE DOWN 2355/8 are simple, accurate and effective. For 

| Grams: ‘CIRCLE’ BATH ferrous applications they are available in 
| stainless steel (not recommended for use 
| with light metals) and in bronze for non- 
| magnetic service. Send for full partic- 
ulars 
| 
| 
' 








FOR PRESSINGS 


Makers also of Aston Victor,*® 
Aston Chandelier, 
and Aston Jack Chains 





(* Registered Trade Mark) 


B.S.F., metric, B.S.P., B.A., Whitworth 


ASTON CHAIN 4&4 HOOK CO. LTD., BROMFORD LANE, BIRMINGHAM 24 
Unified etc., etc 


Tel.: ERDINGTON 2235/6/7. Grams.: ‘“‘Chainwork"’ Erdington 6 
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DUALLOYS BEARINGS CHOSEN FOR THE MI. Midland Red insisted 


or 





to 





THE PLAIN 


Duallovs Main and Big Er 


sus 


tained high-speed coach travel. Our bearings are fitted ¢ vclusively not only 
neines of the famous new Motorway Express Coaches, which 
60 m.p.h. (top speed &5 m.p.h.) on the Mi. but to a// Midland Red 


average 


engines now being built 


FOR ALL INTERNAL COMBUSTION APPLICATIONS to every specifica 


tion: Duallovs thin wall bearings can now be supplied as original equipment 
Duallovs thick wall white metal lined, and copper-lead and lead-bronze lined 
bearings (our unique process prevents all lead segregation and copper h ardening), 
ire already being used as original equipment on many petrol and diesel engined 
public service and road transport vehicles 


Bearings to fulfil the exacting demands ol 





HIGHEST STANDARDS OF ACCURACY and 
workmanship are ensured by strict laboratory supere 
vision and metallurgical control. DUALLOYS Main 
and Big End Bearings are specified as original equip 
ment at home and abroad by many leading firms, 
including The Birmingham and Midland Motor 
Omnibus Co. Ltd.: Bristol Commercial Vehicles Ltd.; 
Coventry Victor Motor Co. Ltd Davey, Paxman & 
Co. Ltd.; Dennis Bros. Ltd.; Enfield Industrial Engines 
Lh The English Electric Co. Ltd.; Fodens Ltd.; 
Pelapone Engines Ltd.; F. Perkins Ltd.; Transport 
Equipment (Thornycr 


Djalllovs 


LIMITED 














4 Member of the_Sterling Industries Group 


BEARING SPECIALISTS 


DUALLOYS Technicians are always readily available to solve your Plain 
Bearing problems. Write for advice and quotations without obligation to 


DUALLOYS LIMITED, DEPT. A, BODEN WORKS, CHARD, SOMERSET. 


Telephone: Chard 2341/3 
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eniinn ) nn | ie - 

air suspension | iE aa 
or CASTINGS 
_ steel springs? 


British cars are built with a firm 
suspension for fast cornering on winding 
country lanes. American cars have a 
very “soft’’ suspension to suit their 
concrete highways. Should our designers 
= copy and use “soft” steel springs with 
twice as much displacement ? 
3 Would they be safe on country lanes 


and would the public buy? 


Write for this provo- 
cative article by Alan 

Hodgson and also his 
booklet *“*Leaf Spring 
Design’. 


























HALE. HALE Limitep DUDLEY PORT Stoffs 


PHOBES TIPTON 1671/5 





Richard Berry 
& Son, 


Birmingham Road, 
West Bromwich, Staffs. 
Tel : West Bromwich 1766 7 8 


| Numerical 





| Methoes of BF methods 


= solving 
Richard Berry aims to give complicated i 
comfort and high speed problems to for 


derive the fullest 


advantage from high speed 


modern computers 


efficiency with springs of 
every kind, made by men 
with skill and craftsmanship. 
these easy riding springs 
endure the worst of road 
conditions in Britain and 
all over the world. 


computers 





G. N. Lance M.SC., PH.D.. MAIS.. AFR.. AE.S 


This book assembles the most useful numerical methods developed 
by research mathematicians with the particular aim of explaining 
| the facilities that computers offer. Most of these methods have 
never been published before except to a very limited readership 
and all have been tested for their practical value. The book will 
be found invaluable by mathematicians, programmers engineers, 


physicists and scientists generally 


| 42s net by post 42s 11d 160 pages. 
| from leading booksellers 


Published for DATA PROCESSING by Iliffe & Sons Ltd 
DORSET HOUSE STAMFORD STREET LONDON SE / 
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With this use of the Radiamatic method at Fords, 

Honeywell Instrumentation takes another area 

of car production under efficient quality 

control. RADIAMATIC heat detectors linked to 

ELECTRONIK instruments, control the quenching 
QUENC on 12 Gleason presses remove the guesswork 

from temperature measurement and ntrol 


ensure consistent product quality with no distortion 


Honeywell quench press controls can be applied 
to single or multi-stage quenching operations 
They are unaffected by vibration, 


rh process speeds, high temperatures 


hig 
For the very first time thev make 


instrumentation oo 


gives precise quality. 


Fords rely on Honeywell Radiamatic-Electronik system s . 
£% z 
cts 










to obtain the right quenching temperature 





Iam interested in Honeywell quench press controls 


, a - 
WRITE OR SEND THE COUPON TODAY bc ; oo : 





Honeywell Controls Limited, 


i 

! 
Please send mé | | Ci, 
instrument Data Sheet No. §.2-1 UK | Ruislip Road East, Greenford, f™ tS 

l Middlesex. WAXlow 2333. ( ) 
NAME ] ExwIBITION 
— | well 
ADDRI | oney e 

| 

| ‘Hl Fit a Couttol 
Branch Off n the pr pal towns and es | SINCE 1865 

the United Kingdom and throughout the world AE | 
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An important new book 
for students of 
automobile engineering 


Using the term mechanics in its mathematical sense, this new book 
covers all the standard problems connected vehicles 
including much material which has not hitherto been collected together 


with road 


in one volume. Starting with problems of equilibrium and linear and 
rotational motion, it proceeds to deal with calculations relating to 
torque relationships and gear boxes; vibrations and springs; brakes; 
The book has 
engineering, junior 


MECHANICS 
OF ROAD 
VEHICLE 


pneumatic tyres; dynamics and directional stability 


been specially written for students of motor 


designers and draughtsmen, but it will also be of interest to students 


of engineering in general 


Contents : 


N Steeds OBE B Sc -G!I MiMech Problems of Equilibrium — Motion along a Straight Line — Angular 
Motion Torque Relationships and Gear Boxes — Vibrations and 
Springs Vehicle Suspensions Brakes Some Properties of 
Pneumatic Tyres—Dynamics of a Rigid Body—Directional Stability 


and Transient Motion of a Vehicle 


35s net. by post 36s 4d 287 pp =: 198 illustrations 


from leading booksellers 
Published for AUTOMOBILE ENGINEER by 


Dorset House Stamford Street London SE1 


for quality in bearings 


Joo ahead wtih LEAD 


. and there is nothing to equal 
the LEAD acid battery for reliability and economy 


lliffe & Sons Ltd 


ages 
UNIVERSALLY JOUNTED 
SOCKET 











The real answer to the hidden nut. 
Leytool universally jointed Socket 
Spanners, even when used at extreme 
angles, will provide a firm and 








positive grip enabling the operator 
to manipulate with ease in positions 
completely inaccessible to ordinary 
spanners. 

Also available: 

Leytool MECHANIC’S SET of 5 RATCHET SPANNERS in WALLET 
Leytool RATCHET SPANNERS and Reversible Ratchet Spanners 


FREE: 
LEYTONSTONE JIG & TOOL CO. LTD. 


Leytoo! Works, High Road, Leyton, London E.10 Phone: LEYtonstone 5022-3-4- 





Write for illustrated catalogue of complete range of ‘‘Leytools 
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The technical officers of the Association are always 


glad to give individual assistance 


London, W.C.2 
London 


LEAD DEVELOPMENT ASSOCIATION, 18 Adam Street 
Telephone: WHitehall 4175 Telegrams: Leadevep, Rand 


LDA3-60 
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PARK GATE 


QUALITY STEELS FOR 
AUTOMOBILE ENGINEERING 








special freecutting 
casehardening 
quality bars 





THE PARK GATE IRON & pre COMPANY LIMITED ROTHERHAM 
AQ) Company TEL: ROTHERHAM 2141 (15 lines) GRAMS: YORKSHIRE, PARKGATE YORKS TELEX $4141 
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These 


cutting fluids 
improve your 


production 


Without being unduly optimistic, a change in the cutting 
fluid can be a distinct change for the better—if you first 


consult Fletcher Miller, the acknowledged experts in pro- 
duction oils. Our range is very comprehensive and for that 
reason alone, selection of the most appropriate grade for 
the operation in hand 1s facilitated. [et us send you details 
‘Cutting Fluids’ 


as contained in Publication SP.173 


="LETCHER |, 
about culling fluids 


FLETCHER MILLER LTD., 
ALMA MILLS, HYDE, CHESHIRE 
CF 132 
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P.V.C. FOAM? 


The ONLY Flexible Foam 
Tiihe-le)(-miela 
High Frequency Welding 


Fire Resistant and with 
Excellent Recovery Properties 


For your NEAREST St Nid AS apply to: 


J. GEE 


45, Ossulton Way, London, N.2 


Tudor 7010 


Sole U.K. Agent for the Manufacturers of 


P.V.C. FOAM?! 





Complete guide to 
the modern car 





Autocar 


Complete Guide to 
the Modern Car 


Farvety Second Edit inn 


12s 6d net 


by post 13s 8d 
275 pp. fully illustrated 


from all 
booksellers 


Published for ‘The Autocar’ by 





The Autocar 


HANDBOOK 


22nd EDITION 


now on sale 


FR. Singham PHD... BSC. (ENG 


AM IMFECH P 


The recognised guide for the 
owner-driver who wants a clear 
idea of how his car works and how 
to keep it in good running condi- 
tion 


Entirely rewritten in modern 
style, with new illustrations by 
the incomparable staff artists of 
THE AUTOCAR, this book 
shows how the motorist, without 
engineering training, can under- 
stand the working of his car and 
so be able to run it efficiently 
and economically 


lliffe & Sons Ltd., Dorset House, Stamford St., London, S.E.1 
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ONCENTRIC 
OMPONENTS 








: beard 
. @ wide range of com Baye 
a 


ponent parts for the car ~ 






and commercial vehicle in 







dustry, designed and preci- 


sion engineered to ensure 






economy of operation and | 






a long service life, they 






“tit” into most assemblies. | 


Oil Pumps, Woter Pumps, 


Steering Idlers, 
Clutch Plates, 


Gear Change Mechanisms, 
Bearing Boxes, 
Concentric, specialists in the desigr Broke Drums, Broke Discs, 
and manufacture of Oil and Water Push Rods, Ball Pins, 
Pumps have achieved a new hig! Shackle Plotes, 
standard { nerformance indi Axle and Hub Assemblies, 
sFUGOTG ) f ! e) C 
\ £: ol Thrust Plates and Assemblies, 
production in thi tield 
Machined Components of all 


kinds 


FIT INTO Yous 
SCHEME OF THINGS 





Concentric Manufacturing Co. Ltd., Tyburn Road, Birmingham, 24 
TELEPHONE: EAST 2081-2-3-4-5 
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| for errors 


CLASSIFIED ADVERTISEMENTS BUSINESS & PROPERTY FUITION 
; A ALIN road position. Fully equipped Garage | A-M.ILM.I, City & Guilds, A.M.I-Mech I 

| RATE 4d. per word, minimum 4 - Each 4 Premises (petrol sales and repairs Retail |} 4% etc., on ““No-Pass-No-Fee"’ terms. Over 95% 
paragraph charged separately Box numbers j hop with good living accommodation Long |} successes For details of Exams and Courses in 
S words plus 1 -. Advertisements for August | lease, low rent. £6,250 plus stock and 2 vehicles | all branches of Auto, Diesel, Aero, Mechanical 
1969 should be ‘o hand not later than first Douglas Stratford & Co., 31 King Street, Luton | Eng., etc., write for 148-page Handbook-—Free 
post 27th July No responsibility accepted el. Luton 2953-4 {8741 B.I.E.T. (Dept. 643), 29 Wright's Lane, London 
PATENTS | Ws [S672 





THE Proprietors of British Patent No. 706933 
tor “Machine Tools for Machining Brake Drums a 





: ~ iia eae and the like desire to enter into negotiations 
with a firm or firms for the sale of the patent or 
| for the grant of licences thereunder Further 


| particulars may be obtained from Marks & Clerk 
57 and $8 Lincoln's Inn Fields, London, W.C.2 
(5742 = 


SITUATIONS WANTED 
@ENIOR Designer ‘Development Engineer, over 
»? 20 years’ experience on two- and four-cycle 
1C.E.. seeks suitable post or part-time work TRUCKS 
Box No. 0612, c/o Automobile Engineer {8743 
SITUATIONS VACANT 
CERTIFYING Officers: Ministry of Transport | 
2 Pensionable posts (in Cardiff and Newcastle 


oO vne) fo xen or women at least 32 o 
15.60 whe have achieved AM.L.MechE. snd | W C YOUNGMAN LIMITED 
| WANDSWORTH WORKS 

















are fully qualified automobile engineers Cer 
tifying officers are responsible under the Traffic WANDSWORTH ROAD SW8 
Acts for the mechanical examination and main 

tenance of public service and goods vehicles, and Telephone MACaulay 2233 


supervision of schemes for testing private Cars 




















Men's salary £1,285-£1,730 Starting pay may 
be above minimum. Promotion prospects. Write | 
Hall St, | ‘ ‘ Durhan Civil Service Commission, 17 North Audley | _ = ; ae 
u Barnard Cas +3 Street, London, W 1, for application form | 
‘i quoting § $155 60. Closing date 28th July 1960 
dm SM 49 . (8744 


IN| ANCIENT 


ROME 
aig 


meant 1150 
IN MODERN 
INDUSTRY 


Ngmaxegg means 
XOX quantity 
2 produced 
A parts— 
in any 
| —x<> metal 


M.C.L. & REPETITION LTD. 
POOL LANE - LANGLEY - BIRMINGHAM 


Telephone: Broadwell 1115 (4 lines) and 1757 


| 
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R 
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DESIGN ENGINEERS 


Hardy propeller Spicer shaft busy-very. More work 
Engineering Division, prototypes, new products, fwd, rwd, 
irs, pto shafts, c.v. joints. Hair Chief Engineer almost 
gone, white edges. Cars, cars, lorries, railway diesels, cars, 
agricultural jobs, cars. U.K. big five, Inner Six, Outer 
Seven. Feel like one over eight. Proud to be such a 


a 


precision 


universal joint. 





Designers under stress (stressmen?). Slide rule sliding 
shows when find two more, overload cut-out. 


Monthly staff, nice people, interesting work, good condi- 
tions, sense of humour, also salary. 


Design experience, HNC, 25-40, pen handy?, write, tell all 
to Personnel Director, Hardy Spicer Ltd., Chester Road, 
Birmingham, 24. 


COTTON BAGS 


(Apologies Sam Weller Ltd. and their copy writer Mr. Wilmot 


proudest Breeden moment.) 


FOR SPARE PARTS, Etc. 
Walter H. Feltham & Son Ltd 


Imperial Works, Tower Bridge Road 
Telephone: HOP 1784 LONDON, S€.1 
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SHEET METAL MACHINERY, MACHINE TOOLS, PRESSES, PLASTICS & WOODWORKING MACHINES 


New and used — many of each EX STOCK —for cash or monthly account, 
hire purchase or by the FJ E Machine Hire Plan. 
May we tell you more ? 


EDWARDS HOUSE and Lansdowne House 
359-361 EUSTON RD.. LONDON. N W.1 41 Water St.. Birmingham 3 
,] a Phones EUSton 4681 & 3771 CENtral 7606-8 
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MAGNETIC CRACK DETECTION 


IS SIMPLE AND SURE 


Even when too fine to be detected by any normal 









inspection method, surface cracks can be discovered 





immediately with AEI magnetic crack detection 





equipment. Developed primarily for tests on com- 





ponents produced in the company’s own factories, 






ranging from large forgings to small pinions, this 






AEI equipment is very simple in operation. Use 





is made of a special magnetic fluid which, after passage 






of the magnetising current, enables all cracks to be seen 






with the unaided eye. Most requirements in industry 





can be met from the standard range of AEI crack 





detectors. Special equipment can, however, be made 





to order. 







The Metroflux Type “SA” universal magnetic crack detector 
is an extremely flexible umt. It is of great value for testing Please write for full technical details, 
co ents 7e Size wkwaré 7 forr , ; 

mponents of large size or awkward shape, and f« outline and descriptive leaflets. 
testing of mass-produced components, 












Associated Electrical Industries Limited 
INSTRUMENTATION DIVISION-Scientific Apparatus & X-Ray Department 
Trafford Park, Manchester 17 
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ENGINEERING AND 
TECHNICAL FACILITIES 
TO ENSURE QUALITY 
AND CONTROL AND TO 
PROVIDE SERVICE ON 


CASTING DESIGN AND Cc & 34 4 baad iTH 
Siecle nies TECHNICAL MATTERS 
HIGH DUTY GREY IRON LIM ITE D 


HIGH STRENGTH & GOOD STRUCTURE 


WEAR RESISTANCE IRONFOUNDERS 
WITH FREE MACHINEABILITY WOLVERHAMPTON 
















SAND CONTROL 
DIMENSIONAL ACCURACY 
SMOOTH FINISH 








QUANTITY PRODUCTION 
CAPACITY 






SERVICE 
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Capstan and automatic : 
work and sheet metal 

pressings in any 

metal, any finish, 


any quantity. 


GRIFFITHS. GILBART, LLOYD. 


AND COMPANY LIMITED 


EMPIRE WORKS. 
PARK ROAD. 
BIRMINGHAM. 18 


TELEPHONE NORthern 6221 
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This bus has a double safety 


feature in its braking system 
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THE DENNIS LOLINE— 
Photograph by courtesy of Denms Bro 
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Here’s the new Dennis Loline —a 
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remarkable vehicle embodying many 


| 
: 


special features — one of which will 


soon be commonplace because it’s 


a modern ‘must’; air pressure brak- 


ing incorporating a dual “E” brake 
valve and twin reservoirs to provide 
independent but simultaneous 
braking on front and rear wheels 
for greater safety—by Clayton 


y 2, of course ! 
Dewandre, © DUAL ‘E* BRAKE VALVE 
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CLAYTON DEWANDRE co.t10. (A> 


TITANIC WORKS LINCOLN ENGLAND TEL: LINCOLN 25272 
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AUTOMOBILE JULY 1960 
ENGINEER 


a Gooper Climax 








a Birmal achievement 


Coventry Climar FPF 

series engine 

Photographs by courtesy of 
Coventry Climax Engines Ltd; 
The Cooper Car Company Ltd 


The Cooper Climax wins again—and so do Birmal! 


Over the years the driver has developed his skill; the 
designer has perfected the car; and Birmal add 
another cylinder head and block to their reputation 
as Britain's leading light alloy casters. 

Birmal have been producing the finest castings by all 
processes for more than halfa century. 

supplying the motor industry with crankcases, 
cylinder blocks, steering boxes, gear boxes, 
manifolds, torque converter casings, pistons, 

rocker shaft brackets and countless other components. 
Birmal castings can be found wherever the emphasis 


is on durability, lightness and peak performance. 


an essential for peak performance 





Birmingham Aluminium Casting (1903) Co Ltd 


Birmid Works Smethwick 40 Staffs 
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